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Abstract 
Data on abundance and growth of young fish have been collected at 
Clear Lake each summer since 1949 by bag seining littoral areas at 
weekly intervals. Young yellow perch (Perca flavescens), largemouth 
bass (Micropterus salmoides), bluegill (Lepomis mac rochirus)pumpkin-
seed (L. ~;ibbosus), black crappie (Pomoxis nigromaculatus), and black 
bullheads (Ictalurus melas) were usually found in heavily vegetated habi-
tats; walleye (Stizostedion vitreum) and white bass (Roccus chrysops) in 
moderately vegetated habitats, and yellow bass (R. mississippiensis)  in 
sparsely vegetated habitats. Fewer data were collected on northern pike 
(Esox Lucius), channel catfish (Ictalurus punctatus), yellow bullhead (I. 
nebulosus), smallmouth bass (Micropterus dolomieui) and white crappie 
(Pomoxis annularis). 
Year class success for most species was good in 1951, 1954, and 
1956 while poor in 1949 and 1950. Growth by most species was good in 
1952, 1953, and 1955 but poor in 1950. Available data indicated no re-
lationship between environmental conditions and year class success or 
growth except that growth was usually better when aquatic vegetation 
was more abundant. The growth of young yellow perch, largemouth 
bass, bluegills and pumpkinseeds, yellow bass, and black bullheads was 
apparently slower when these species were more abundant suggesting 
intraspecific competition while the growth of young largemouth bass, 
black crappies, and black bullheads was apparently affected by inter -
specific competition. Food was considered to be the primary limiting 
factor althoughother factors and particularly space limitations may have 
been involved. All species fed primarily upon Entomostraca early in the 
summer but immature insects, Hyalella, and fish became increasingly 
important as the fish grew larger. 
1Journal Paper No. J-3739 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project 1374 of the Iowa Cooperative 
Fishery Research Unit sponsored by the Iowa State Conservation Com-
mission and the Iowa State University of Science and Technology, with 
the cooperation of the Bureau of Sport Fisheries andWildlife, U.S. Fish 
and Wildlife Service. The Sport Fishing Institute also provided a grant, 
to aid in this research. 
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Introduction 
The first summer of life is one of the most critical periods of time 
during the life of fishes. If reproduction, survival, and development 
are good during the first few months after spawning, a given year class 
should usually produce good yields to the fishery. However, the factors 
affecting year class success and growth of fishes are often unknown or 
poorly understood. 
The abundance and growth of young of the year fishes in Clear Lake, 
Iowa, have been estimated each summer since 1949 by Iowa Cooperative 
Research Unit biologists. These estimates were made by seining several 
areas of the littoral zone a number of times each summer. Some data 
were also collected in 1941, 1942, 1943, 1947, and 1948. In 1956 the 
author initiated a more systematic sampling program which involved two 
75-foot seine hauls at each of lZ stations around the lake each week. 
Clear Lake, Iowa is a 3, 640 acre eutrophic lake with a maximum 
depth of 20 feet. The littoral zone, which is of primary importance in 
this study, is wide, often extending over 500 feet from the shore line. 
The bottom type of this zone is predominantly sand or fine gravel, with 
a thin organic deposit in the weed beds. Giant bulrush, Scirpus validus,
and some pond weeds, Potamogeton spp. and Chara spp._, -are fairly 
abundant in several areas. 
Year Class Abundance 
The estimates of abundance must be somewhat subjective since the 
amount of effort was not consistent prior to 1956, but the year classes 
can probably be satisfactorily rated as to good, fair or poor (Table 1). 
These classifications consider only relative abundance since 1949. It is 
probable that the yellow perch success even during the "good" years 
was not as large as prior to 1940 when the yellow bass began to increase 
in abundance (Carlander, Lewis, Ruhr and Cleary,1953). The success 
of year classes of walleyes can probably be explained as the result of 
experimental stocking of walleye fry in the even-numbered years but 
not in the odd-numbered years. Except in 1949 and in 1955 when fair 
numbers of young walleyes were seined, few or no representatives of 
the unstocked year classes, 1949, 1951, 1953, 1955, and 1957, have 
been collected. Apparently stocking has increased the numbers of wall-
eyes available to seining in Clear Lake. The year class success of the 
largemouth bass was aided in 1956 by stocking but other variations can-
not be explained at this time. Yellow bass reproduction has been fairly 
successful in recent years but white bass were found in low numbers 
and were completely absent from the 1950 through 1953 collections. 
Since 1949 the blue gills and pumpkinseeds have not suffered a complete 
failure and it seems likely that the year class success of these species 
may often be determined after the first summer of life. Black crappies 
have shown somewhat less variation than some other species. Black 
bullheads seem to undergo periods of good reproduction and periods of 
poor reproduction. From 1948 through 1950 and from 1955 through 1957 
reproduction by black bullheads was low while from 1945 through 1947 
and from 1951 through 1954 good reproduction was observed (in part 
Forney, 1955). 
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Table 1. Classification of year class success as good, fair, or poor on 
the basis of young -of -the-year surveys and field observations, 
Clear Lake, Iowa, 1949-1957. 
Yellow perch Walleyes Largemouth bass Yellow bass 
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It may be seen that in 1951, 1954, and 1956 conditions were favorable 
for the reproduction and early survival of several species of fish. On 
the other hand, only a single species had "good" success in 1949 and in 
1955. Even the "good" success of white bass in 1949 did not produce as 
many fish as to be considered better than "fair" if compared on the same 
basis as the yellow bass. In no year was there a complete failure of 
more than two of the eight species considered. Also, most species had 
about the same success during a given year in five of the nine years. 
The most notable relationship between species occurred for walleyes 
and yellow bass which had about the same success in seven of the nine 
years, despite the fact that the walleye success is believed to be related 
to fry stocking. Maloney and Johnson (1957 noted a direct correlation 
between year class success of walleyes and yellow perch in two Minne-
sota lakes, but no such relationship was evident in this study. 
The reasons why reproductive success and survival differ in various 
years are not easily discovered. Doan (1942 tried to relate the abun-
dance of year classes of Lake Erie fishes to various meteorological and 
limnological conditions, but found few significant correlations, 
Water temperature has a significant effect on the time of spawning of 
several species and also controls, to a great extent, the rate of develop-
ment, hatching, and early growth. There are not sufficient data on water 
temperatures at Clear Lake for analysis, but in a shallow lake such as 
Clear Lake water temperatures fluctuate rather closely with air tem-
peratures. Monthly mean air temperatures (Table 2) taken at the Mason 
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Tab le L. Average monthly air temperatures (degrees Fahrenheit for 
Mason City Airport, Mason City, Iowa, 1949-1957'`. 
Year May June July August Average 
1949 60.2 70.9 74.3 71.8 69.3 
1950 55.8 65.6 67.4 65.4 63.6 
1951 60.4 62.8 70.0 67.0 65.0 
1952 56.8 71.2 71.4 67.2 66.6 
1953 57.8 70.2 71.2 70.6 67.4 
1954 52.2 69.6 73.5 69.2 66.1 
1955 61.3 65.2 76.8 75.0 69.6 
1956 58.6 72.5 68.1 70.0 67.3 
1957 55.8 66.1 75.8 69.6 66.8 
Average 57.7 68.2 72.1 69.5 66. 9 
From "Climatological data. Iowa Section" of the U.S. Weather Bureau 
(1949-1957. 
CityAirport, which is about two miles east of Clear Lake, did no appear 
to be correlated with the success of year classes of the eight species. 
Another factor which might. have a major effect upon the success and 
survival of young-of -the-year fishes in Clear Lake is the amount of 
aquatic. vegetation which may serve as cover and as a supporting surface 
for food organisms. The vegetation has not been quantitatively studied 
but an effort has been made to rank the years as to relative abundance of 
vegetative cover (Table 3). The yellow perch show the best correlation 
between abundance of vegetation and success of year classes: in 1950, 
when vegetation abundance was low, yellow perch had very poor repro-
ductive success; in 1954, 1956, and 1957, when vegetation was moderate, 
perch success was rated as fair one year and good two years; and in 
three of the four years when vegetation was rated as abundant, per ch 
success was rated good. Parsons (1950 suggested a relationship between 
aquatic vegetation and yellow perch abundance, growth, and condition. 
Table 3. Abundance of aquatic vegetation in Clear Lake, Iowa, for the 
years 1950 through 1957''`. 








~ Parsons (1950 reported that vegetation was abundant in 1945 and 1946 
but declined over the next 3 years. 
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A very important factor affecting the abundance of young fishes may 
be the degree of predation by larger fishes. Bailey and Harrison (1945) 
felt that predation was the principal factor maintaining a healthy balance 
among the fish populations of Clear Lake. Carlander e_t al. (1953) attri-
buted the elimination of the 1950 year class of yellow bass before they 
were a year old to the poor hatch of yellow perch causing walleye preda-
tion to be centered on the young yellow bass. The population of forage 
fish other than young game and pan fish as indicated by the bag seine 
catches was below ZO% of the total small fish population. Such a low 
population of minnows and other such forage fish would require that 
young game fish serve as a principal source of forage for larger fish. 
It was thought that decreases in numbers of fish captured through 
the season might give clues to the mortality rates of young-of -the-year 
fishes. However, the catch data (Table 4) indicate no consistent de-
creases which might be attributed to mortality. Undoubtedly large num-
bers of fish die during their first summer, but new hatches, changed 
habits, and sampling variation seem to mask the effects of mortalities 
in the 1956 and 1957 samples. 
The fact that the two major environmental factors considered, air 
temperatures and vegetation, were not closely correlated with year 
class abundance does not indicate that there was no relationship. Most. 
likely the subjectiveness of the classification of year class abundance 
and the lack of extremes of temperatures and quantities of vegetation 
caused differences to be less obvious. If more precise estimates of 
year class abundance, water temperature changes, and vegetative abun-
dance were obtained, relationships might be detected. 
The 1956 and 1957 sampling was designed to sample all. seinable habi-
tats and to sample each station equally. It is, therefore, possible to 
learn something about the habitat selection of the various species from 
the seining data. 
Yellow perch we re more abundant in areas of heavyvegetation, showed 
some preference for moderately vegetated habitats as well in 1957, acid 
were least abundant in habitats characterized by sparse vegetation. 
Walleyes and wl,.ite bass seemed to require moderate amounts of vege-
tation and were seldom captured in areas with sparse vegetation and 
sand'ybottom. Large-mouth bass were relatively restricted to the habitats 
characterized by heavy vegetation and were less abundant where vegeta-
tion was generally moderate or sparse. Bluegills and pumpkinseeds, 
black crappies, and black bullheads had approximately the same require-
ments as largemouth bass. Yellow bass seemed to require areas where 
vegetation was sparse and the bottom was sand or gravel and were sel-
dom captured in heavily vegetated habitats. Because of the similarity of 
habitat selection, certain species tend to be associated together. 
Food Habits of Young-of -the-Year Fishes 
The food habits of seven species of young-of -the-year fishes were 
tabulated for three time periods in 1956: those fish caught from June 17 
to July 14; those caught from July 15 to August 11 ; and those caught from 
August 1Z to September 1 (Table 5). The general trends in food habits, 
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as the summer progres sed and as the fish grew larger, were very similar 
to those reported for North Twin Lake fishes by Kutkuhn (1955). Early 
in the summer young yellowperch showed a preference for Entomostraca 
but later consumed more immature insects and Hyalella. Parsons (1950) 
noted numerous caddis flies and few Entomostraca in the stomachs of age 
-group 0 yellow perch from Clear Lake although the rest of his findings 
agreed quite well with this study. Young walleyes changed from a diet 
of Entomostraca to predominately fish as the season progressed. Young 
largemouth bass ate Entomostraca early in the season but fed more on 
immature insects later during the summer. Youngbluegills andpumpkin-
seeds preferred the Entomostraca throughout the season but consumed 
progressively more immature insects and Hyalella as they grew larger. 
Young black crappies fed almost entirely upon Entomostraca and some 
Hyalella throughout the season. Entomostraca were the preferred food 
of young yellow and white bass throughout the season but increasing 
amounts of immature insects were taken as the fish grew larger. No 
black bullheads, the other species which has been considered important 
throughout this study, were captured at either Station 3 or Station 8 in 
1956. Forney (1955) found that young bullheads preferred Entomostraca 
when they were smaller and ate more Hyalella and insects later in the 
season 
Yellow perch, largemouth bass, bluegills, pumpkinseed, and black 
crappie apparently feed more during the daytime than at night while the 
reverse is true of walleye and yellow bass (Table 6). 
Growth of Young -of -the -Year Fishes 
The growth may be most easily determined by measuring the lengths 
of~the fish collected on various dates. In some of the previous years 
standard lengths (from tip of snout to the end of the hypural plate) were 
used and in some other years total lengths were measured to the nearest 
tenth of an inch. In 1956 and 1957 all measurements were of total lengths 
in millimeters and all the previous measurements were converted to this 
form of measurement for the calcula_ tions which follow. Conversion of 
standard to total length was by means of the most appropriate conversion 
factors for each species reported by Carlander (1953). 
Growth for the various years was compared by a method suggested by 
Carlander et al. (1953)which consisted of fitting straight-line regressions 
to the data (Table 7). The growth curve may be somewhat curvilinear 
but only growth from July 15 through August 31 was used and the growth 
rate appears to be fairly constant over this period. Each day was num-
bered consecutively starting with July 15 as 1 and ending with August 31 
as 48. Mean lengths for particular days or weeks were used rather than 
individual observations. 
The sizes of the various species on July 14, a in Table 7, were com-
pared with the average temperatures (Tab 1e Z) for May and for June for 
the years 1949 through 1957 by the regression technique. Both positive 
and negative regressions were obtained, 13 and 3 respectively, and only 
one correlation coefficient was statistically significant (r for yellow bass 
size on May temperatures = 0.68 where r, 05 = 0.63 with 8 degrees of 
8 
Table 5. Food habits of some young fishes from Clear Lake, Iowa, 
Species Yellow Walleye Largemouth 
perch bass 
Datesa A B C A B C A B C 
No. examined 11 51 32 2 13 4 23 37 1? 
No .empty 0 5 0 0 4 2 0 4 0 
Average total 
length (mm) 42 57 67 36 66 82 29 44 61 
Food items 
Insect 
Chironomidae 31 15 10 21 - 13 25 7 
Ephemerida Z5 21 1 - 20 20 1 
Zygoptera - 5 6 - - - - 6 45 
Corixidae - - - - 2 2 6 
Adult Diptera - - - - - - - 9 
Otherb t 3 4 - - 2 3 13 
Unidentified - - 9 
Crustacea 
Hyalella 17 40 51 - - 2 4 4 
Entomostraca 27 5 9 100 6 55 12 
Unidentified 2 - 9 7 
Fish - 60 100 3 10 15 
Other c
Unidentified 11 17 4 - 3 2 
aPeriod A -June 17 to July 14, 
Period B -July 15 to August 11, 
Period C -August 12 to September 1 
bIncludes Anisoptera, Trichoptera, Coleoptera, Gerridae, Orthoptera, 
and Ceratopogonidae. 
cIncludes Hydracarina and Lyngbea.
t = trace. 
9 
expressed as the percentage of total stomach content, 1956. 
Bluegill and Black crappie Yellow bass White bass 
Pu mpkin s e e d 
A B C B C B C B C 
10 65 60 14 32 34 41 22 12 
0 11 3 1 1 4 5 3 2 
1.5 22 31 35 49 47 59 63 86 
2Z 31 16 4 13 16 15 33 
4 2 - 2 - - 3 -
- t - - - - - 
- - - - - - 13 
- t 2 - - t - 6 
t 1 7 - - 1 1 14 
- 5 22 28 7 22 6 16 3 
96 64 39 40 77 65 72 31 31 
- - 7 7 - - 5 
- - - - 5 
8 4 - - - 1 - 
2 3 - 4 24 - 
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Table 6. Percentages of young fish with empty stomachs collected 
during the day (6 a.m. - 6 p. m.~ and night (6 p. m, - 6 a. m.~ 











Yellow perch 51 0 42 12 
Walleye 7 57 11 18 
Largemouth bass 31 0 46 9 
B luegill and 
Pumpkinseed 7 6 0 59 24 
Black crappie 15 0 31 6 
Yellow bass 31 29 44 0 
White bass 2 0 32 16 
freedom. Also the growth rates of the various species between July 15 
and August 31, b_ in Table 5, were compared with the average tempera-
tures for July, August, and July and August for the years 1949 through 
1957 by the regression technique. Again, no relationship appeared to 
exist between growth rates and temperatures and 13 of the regressions 
were positive while 11 were negative. Martin (1952 detected no relation-
ship between the growth rate of lake trout in Ontario lakes and tempera-
ture 
Taking the length on September 1 (Table 7) as an index, the various 
calendar years may be rated as to the growth of the young-of -the-year 
fishes. In general few species showed good growth in 1950, 1956, and 
1957. Most species showed slow growth in 1950, the coldest summer 
of the period (Tab le 2~. Growth and vegetation (Table 3) seemed to be 
related. Young blue gills and pumpkinseeds, black crappies, yellow bass, 
and black bullheads all tended to grow faster or slower in proportion to 
the amounts of vegetation present. Whether the correlation between 
growth rate and vegetation was due to the effect of the vegetation as 
cover and a substrate for food or some other factor affecting both growth 
and vegetation simultaneously is not known. 
There is no indication that years in which year classes were abundant 
were years in which growth was good (Table 8). The only species with 
which there was any relationship between growth during the first summer 
and the abundance of the year class was the yellow bass. In the years 
when yellow bass were abundant growth was less than in years when 
yellow bass were less abundant. The above observation suggests intra-
specific competition. 
The growth data collected in 1956 and 1957 for some young -of -the-year 
fishes were used to compare the growth rates of the various fishes at 
various locations. The same general regression methods applied to 
compare growth between years was used except that the unit of observa-
tion was a weekly mean length estimate for particular stations instead of 
the weekly mean length estimate for all stations. First, the growth rates 
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Table 7. Regressions of growth from July 15 through August 31 for 
some young -of -the -year fishes from Clear Lake, Iowa. 
Species
Number of Estimated length 
Year observations a b on September 1 c 
Yellow perch 1943 2 49.9 0.512 75. 0 
1947 6 45.1 0.658 77.3 
1948 3 46.5 0.402 66.2 
1949 3 56.7 0.326 72.7 
1951 3 51.2 0.771 89.0 
1952 5 60.5 0.445 82.3 
1953 7 52.1 0.393 71.4 
1954 7 48.1 0.470 71.1 
1955 6 52.6 0.387 71.6 
1956 7 49.4 0.497 73.8 
1957 7 52.4 0.506 77.2 
1947-1957 54 51.6 0.462 74.2 
Walleye 1943 2 78.6 1.544 
1948 3 78.1 0.725 
1949 2 106.6 0.490 
1950 10 62.5 1.104 
1952 3 86.7 1.507 
1954 6 83.6 1.221 
1955 3 86.5 1.367 
1956 7 59.4 0.662 










Largemouth 1943 2 57.0 0.188 66.2 
bass 1949 2 9.0 1.800 97.2 
1950 5 22.2 0.640 53.6 
1951 3 35.2 0.743 71.6 
1952 3 44.7 0.071 48.2 
1953 7 45.3 1.287 108.4 
1954 6 40.0 1.210 99.3 
1955 6 42.8 0.578 71.1 
1956 7 42.2 0.467 65.1 
1957 7 31.9 0.632 62.9 
1947-1957 46 38.2 0.788 76.8 
a The estimated length of the fish in millimeters on July 14 or the 
a term in the regression formula, ~' = a + bX. 
b The estimated growth of the fish in millimeters per day between 
July 14 and August 31 or the b term in the regression formula, n - 
Y = a + bX. 
c The estimated length of the fish in millimeters on September 1, 
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Table 7. (continued 
Species 
Number of Estimated length 
Year observations a b on September 1 c
Yellow bass 1942 4 42.4 0.508 67. 3 
1947 8 33.5 0.541 60.0 
1948 3 43.6 0.530 69.6 
1949 3 41.4 0.655 73.5 
1950 6 25.9 0.593 55.0 
1951 4 33.9 0.661 66.3 
1952 3 28.7 0.725 64.2 
1953 5 34.5 0.888 78.0 
1954 6 31.5 0.753 68.4 
1955 6 43.7 0.581 72.2 
1956 7 39.6 0.494 63, 8 
1957 7 34.5 0.724 70.0 
1947-1957 58 34.4 0.678 67.6 
Black crappie 1943 2 30.0 0.869 72.6 
1947 5 27.7 0.728 63.4 
1949 2 49.9 0.329 66.0 
1950 7 14.7 0.272 28.0 
1951 4 31.3 0.584 59.9 
1952 4 33.7 0.927 79.1 
1953 7 35.6 0.654 67.6 
1954 7 25.9 0.667 58.6 
1955 4 36.6 0.361 54.3 
1956 ? 23.1 0.689 56.9 
1957 7 28.4 0.770 66.1 
1947-1957 54 26.4 0.718 61.6 
B luegill and 1943 2 22.2 0.175 30. 8 
Pumpkinseed 1949 2 6.5 0.819 46.6 
1950 3 11.8 0.160 19.6 
1951 3 16.4 0.554 43.5 
1952 4 22.4 0.240 34.2 
1953 7 16.9 0.433 38.1 
1954 7 18.2 0.233 29.6 
1955 6 18.2 0.418 38.7 
1956 7 18.4 0.306 33.4 
1957 7 19.9 0.192 29.3 
1947-1957 46 18.6 0.294 33.0 
B lack bullhead 1943 2 30.2 1.144 86. 3 
1951 3 33.0 0.161 40.9 
1952 5 35.7 0.880 78.8 
1953 7 28.8 0.605 58.4 
1954 7 31.9 0.495 56.2 
1955 6 32.9 0.619 63.2 
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Table 7. (continued 
Species 
Number of Estimated length 
Year observations a b on September 1 c
1956 7 33.1 0.428 54,1 
1957 7 25.4 0.626 56.1 
1947-1957 42 31.2 0.556 58.4 
White bass 1949 3 ?7. 6 -0.410 57.5 
1954 5 4I.6 1.512 115,7 
1955 6 63.3 0.760 100.5 
1956 7 47.0 0.974 94.7 
1957 6 44.2 1.084 97.3 
1947-1957 28 53.2 0.898 97.2 
Table 8. Computed total length in millimeters as of September 1 for 
young fish from Clear Lake, Iowa, for year classes rated as 
poor, fair, or good in abundance. 
Specie s 
Abundance 


















71, 73, 77, 82 
131, 154, 160 
54, 71, 72, 97, 
20, 34, 39, 47 
28, 54, 66, 68, 
64, 70, 72, 74 
54, 63 












72, 74, 89 
117, 144 
65 
30, 33, 38, 
59, 60 
64, 66, 68 
56, 58, 79 
44 
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of a given species were compared between the stations at which over 10'0 
of the total catch of the species being considered was captured and the 
stations at which less than Z% of the total catch of the same species was 
captured for the period of July 15 to August 31 (Table 9). Such compari-
sons should indicate possible effects Df intraspecific competition. Next, 
growth rate comparisons were made for each species between the three 
stations yielding the highest total catches of all species and the three 
stations of lowest total catches.(Table !0). The latter comparisons should 
indicate possible effects of interspecific competition. 
Yellow perch seem to have been their own most serious competitor. 
Even though yellow perch were fairly closely associated with largemouth 
bass, blue gills and pumpkinseeds, black crappies, and black bullheads 
as far as habitat requirements are concerned, their food habits were 
apparently different enough so that they only competed with themselves. 
Since a small sample of walleyes was available only in 1956, no definite 
statement can be made concerning competition involving this species. It 
might be expected that no interspecific competition would affect walleyes 
at stations with high populations of other fish since their food habits 
change to fish quite early and few other highly predacious young fish are 
present. 
The results of the regression analyses of largemouth bass growth were 
quite erratic. However, a trend towards both intraspecific and inter -
specific competition seems evident especially in 1956 when young-of -the -
year fish populations were larger. 
Bluegills and pumpkinseeds also possibly are affected by intraspecific 
and interspecific competition but a late hatch of these species in 1957 
makes interpretation rather difficult. 
Evidence of competition influencing the growth of black crappies was 
limited to possible interspecific competition. The dependence of this 
species fo Entomostraca, which was also the main food of most other 
species early in the summer and to some extent all summer, might ex-
plain the observed effects on black crappies. 
Yellow bass data consistently indicated effects of intraspecific com-
petition. The increased effect of intraspecific competition within large 
schools was indicated by data collected in 1.956 (Figure 1). Since yellow 
bass were not associated with any other species as far as habitat require-
ments were concerned, no interspecific competition was expected. 
Black bullheads seemed to suffer both intraspecific and interspecific 
competition. Since this species tends to school and generally occupied 
the same habitats as yellow perch, largemouth bass, bluegills and pump-
kinseeds, and black crappies, both types of competition might have actu-
allyaffected the growth of black bullheads if food we re the limiting factor. 
Relatively low numbers of white bass were collected which reduced 
the possibility of intraspecific competition involving this species. Since 
white bass were generally not found where other species were abundant, 
little evidence of interspecific competition involving this species was 
expected or obtained. 
Differences between growth rates at the various stations seem to have 
been related to large numbers of fish and common food habits. There-
fore, food was probably the primary limiting factor. Competition might 
be strongest early in the summer when most species eat Entomostraca 
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Fig. 1 . Plotted growth curves for young-of -the-year yellow bass com-
paring the unweighted curve for all stations with the Station 4 
curve to illustrate the relative size of fish in large schools with 
the over-all population, Clear Lake, Iowa, 1956. 
but effects at that time could hardly be detected with the data and tech-
niques used in the above analysis. Since the reduced growth rates noted 
for the various species could generally be explained by competition for 
food, it is believed that the effects of environmental changes such as low 
water levels were essentially small. Further support of this belief is the 
fact that water levels were even lower in 1957 than in 1956 but evidence 
of competition was not as great. However, population levels were also 
lower in 1957 which does not exclude the possible effect of space on the 
growth. There are no quantitative data with which to prove or disprove 
either hypothesis . 
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Table 9. Regressionsof growth for some young-of -the-year fishes from 
Clear Lake, Iowa, calculated from the weekly mean lengths at 
stations yielding more than 10 per cent of the total catch of 
each species (top line) and stations yielding less than 2 per 
cent of the total catch of each species (bottom line), July 15 -
August 31, 1956 and 1957. 
Number of 
Species Year observations a b 
Estimated length 
on September 1 c
Yellow perch 1956 12 51.5 0.37 69. 6 
12 52.8 0.60 82.2 
1957 24 53.0 0.44 74.6 
6 49.5 0.66 81.8 
Largemouth bass 
1956 14 47.0 0.35 64.2 
14 34.8 0.60 64.2 
1957 20 32.2 0.67 65.0 
15 22.9 0.78 61.1 
Bluegill and Pumpkinseed 
1956 35 19.4 0.27 32.7 
18 15.7 0.31 30. 9 
1957 31 20.6 0.15 28.0 
31 20.6 0.11 26.0 
Black crappie 1956 17 23.8 0.65 55.6 
9 27.8 0.50 52.2 
1957 13 29.8 0.63 60.7 
4 28.9 1.08 81.8 
Yellow bass 1956 13 38.1 0.52 63.6 
11 29.7 0.80 68. 9 
1957 17 35.0 0.69 68.8 
4 37.1 0.77 74. 8 
Black bullhead 1956 11 33.9 0.34 50. 6 
10 36.0 0.53 62.0 
1957 23 31.3 0.40 50.9 
4 2.9 1.34 68.6 
White bass 1956 15 49.2 0.89 92. 8 
4 52.9 0.76 90.1 
aThe estimated length of the fish in millimeters on July 14 or the a 
n -
term in the regression formula, Y= a + bX. 
bThe estimated growth rate of the fish in millimeters per day between 
n 
July 15 and August 31 or the b term in the regression formula, Y = a+bX 
cThe estimated length of the fish in millimeters on September 1, 
STUDY OF YOUNG GAME FISH 17 
Table 10. Regressions of growth for some young-of -the-year fishes 
from Clear Lake, Iowa, calculated from the weekly mean 
lengths at the three stations yielding the largest total catches 
of all species (top line and the three stations yielding the 
lowest total catches (bottom line, July 15 -August 31, 1956 
and 1957. 
Number of 
Specie s Year observations a b 
Estimated length 
on September 1 c
Yellow perch 1956 17 52.5 0.52 78. 0 
14 55.0 0.52 80.5 
1957 12 50.6 0.62 81.0 
7 52.7 0.50 77.2 
Walleye 1956 8 56.3 0.75 93.0 
11 64.1 0.43 85.2 
Largemouth bas s 
1956 14 38.9 0.49 62.9 
11 33.0 0.62 63.4 
1957 20 34.2 0.70 68.5 
Bluegill and Pumpkinseed 
1956 21 19.4 0.23 30.6 
19 14.9 0.42 35. 5 
1957 19 22.2 0.11 27.6 
16 19.8 0.13 26.2 
Black crappie 1956 12 24.5 0.59 53.4 
10 25.0 0.65 56.8 
Yellow bass 1956 13 37.9 0.57 65. 8 
17 39.3 0.56 66.7 
1957 6 32.8 0.86 74.9 
13 35.3 0.68 68.6 
B lack bullhead 1956 11 33.9 0.34 50. 6 
6 36.4 0.50 61.0 
1957 19 32.7 0.32 48.4 
White bass 1956 7 47.4 0.96 94.4 
12 46.8 0.96 93.8 
1957 2 41.8 1.07 94.2 
4 45.9 1.05 97.4 
a 
The estimated length of the fish in millimeters on July 14 or the a .. -
term in the regression formula, Y = a + bX. 
bThe estimated growth rate of the fish in mm~day between July 15 and 
cAugust 31 or the b term in the regression formula, Y = ate+ bX. 
The estimated length of the fish in mm on September 1 = Y = a + b(49). 
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SUMMARY BY SPECIES AND NOTES ON OTHER SPECIES 
Northern Pike 
During recent years the numbers of northern pike in Clear Lake have 
been largely dependent upon stocking (Ridenhour, 1957. Growth by this 
species is generally good and young-of -the-year over 10 inches in total 
length have been captured by the first of August. The stomach content 
of only one young northern was examined during this study and it con-
tained an unidentified fish. In 1956 the young northerns, until they were 
about eight inches long, were restricted to the weedier areas where they 
had been stocked. Thereafter, they were captured in areas where cover 
was not particularly good. 
Channel Catfish 
Bailey and Harrison (1945 doubted that channel catfish could repro-
duce in Clear Lake. However, in 1954 two young -of -the-year of this 
species were seined indicating at least some successful reproduction 
t11at year. Young-of -the-year channel catfish were fairly common in the 
bag seine catches of 1956 and 1957. Since most of the catfish captured 
have been seined at night, the lack of collections prior to 1954 might be 
explained. by the very little night seining done before 1956. Whether 
natural reproduction can maintain the population of this species in Clear 
Lake remains to be seen. At present this species supports only a small 
portion of the total fishery (DiCostanzo and Ridenhour, 1957. 
Most of the catfish captured have been in habitats characterized by 
moderate vegetation and sandy bottoms. The food of two specimens 
examined was Entomostraca, Hyalella, and immature insects. By Sep-
tember 1 this species averaged about 2Z inches in total length. 
Black Bullhead 
Eyed eggs in black bullhead nests were observed as early as June 19, 
1957, but the young did not appear in the bag seine catches until mid-July 
of that year. They were first captured during the first week of July in 
1956. The young were generally concentrated in heavily vegetated areas 
where large schools could often be observed. In 1954, when a very large 
hatch of bullheads was observed, the schools could be found around most 
of the lake. No stomachs of this species were examined during this study 
but Forney (1955 indicated that they eat Entomo strata and immature 
insects. 
Very large hatches of bullheads seem to be required to obtain success-
ful year classes. Little indication of fish older than age group 0 has 
been found for the 1955 and 1956 year classes when reproduction was not 
particularly good. In fact the cyclic occurrence of good and poor year 
classes mentioned earlier suggests the characteristics of a "bound" lake 
(Eschmeyer, 1937). Bailey and Harrison (1945) felt that predation on 
this species was less than for some others but that it did occur. 
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Yellow Bullhead 
Yellow bullheads were considered "occasional" in Clear Lake byBailey 
and Harrison (1945) but very few young were captured by the Unit biolo-
gists until 1956. It is believed that the main reason young of this species 
had not been collected in the past was because seining was generally 
restricted to daylight hours. During this study numerous young yellow 
bullheads were captured but usually at night. Just where they went during 
the day is not known except Bailey and Harrison (1945) indicated that they 
may hide under stones and other objects. 
Generally yellow bullheads grew at the same rate as black bullheads. 
The stomachs of two individuals examined contained mostly immature 
insects and some Hyalella.
White Bass 
While the yellow bass have been increasing in .numbers during recent 
years, the white bass have declined (Lewis, 1950). The controlling 
mechanisms of this decline are not known. During the past four years 
white bass have reproduced successfully which they had not done from 
1950 through 1953. 'How the recent reproductive success compares with 
the reproductive success 20 years ago is not known but it is assumed that 
reproduction was much better earlier. Since this species does not seem 
to compete directly with yellow bass during their first year of life, there 
appears to be no relationship between the population changes which can 
be attributed to interspecific strife during the first summer of life. Rela-
tively little is known about the spawning habits of the white bass. Bonn 
(1953) indicates that when running water, which is their preferred spawn-
ing habitat, is absent they will spawn on wind-swept points in Lake Tex-
oma. Possibly the lack of suitable areas has caused the decline of white 
bass in Clear Lake since there are no significant inlets to the lake. How-
ever, lack of suitable spawning areas does not seem to explain their 
earlier success and recent decline. Possibly there was sufficient inflow 
of waters during years of normal rainfall, whereas this inflow has been 
lacking in recent drought years. Sigler (1949) noted fluctuations of the 
white bass populations of Spirit Lake, Iowa, and also considered the 
ability to reproduce a possible controlling factor. At Clear Lake in-
creased predation upon the eggs or newly hatched fry by the recent large 
yellow bass populations may be a factor. 
White bass did not appear in the seine catches until early or mid-July 
when they were approximately two inches long. There is no information 
available to indicate why this species was not collected earlier since 
Sigler (1949) felt that this species spawns during the last week of May in 
Spirit Lake, Iowa, which is quite similar to Clear Lake physically and 
geographically. During the summer the white bass seem to prefer the 
moderately vegetated areas. Their food was predominatelyEntomostraca 
early in the summer but many insects, immature and adult, and some 
fish were eaten later. By September 1 most of the' young white bass are 
about 34 inches long. 
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Yellow Bass 
Yellow bass apparently spawn during late May and early June around 
the Island and possibly near other rocky shores. Yellow bass were first 
captured by seining about the first week of July when the fish,were a little 
over 1 inch long. As for white bass, the lack of young yellow bass col-
lected before July cannot be explained. 
This species seems to prefer the sparsely vegetated areas and sandy 
bottoms. Often they are found in large schools in their preferred habitat 
but schooling was less apparent in other areas. They feed predominately 
upon Entomostraca and some Hyalella and immature insects. Little 
competition seems to affect this species except from other young yellow 
bass. By September. 1 they are usually about 3 inches in length. 
Yellow bass have been of particular interest at Clear Lake in recent 
years because of large population variations (DiCostanzo and Ridenhour, 
1957), Since its introduction some time prior to 1932 when they first 
appeared in the fishermen's catch (Bailey and Harrison, 1945, this 
species has become one of the most abundant species in Clear Lake. No 
real clues to the factor or factors controlling the population levels of 
this species were obtained during this study. 
Largemouth Bass 
Largemouth bass first appeared in the bag seine catches in late June. 
They were mainly concentrated in areas of heavy vegetation. Their food 
was at first Entomostraca but they soon ate increasing quantities of in-
sects and some fish. By the first of September they were nearly 3 inches 
long although this species exhibits large variation of growth rate and 
some individuals may be almost 6 inches long. 
Even though large numbers of young largemouth bass have be en stocked 
into Clear Lake in recent years and natural reproduction has seemed 
successful, the numbers of adult bass have not increased noticeably. 
Apparently the habitat needed by this species is not available in sufficient 
quantity to support a larger population. 
Smallmouth Bass 
Formerly Smallmouth bass were fairly common in Clear Lake (Bailey 
and Harrison, 1945 but since 1943 only two young-of -the-year have been 
collected. There seems to be no obvious explanation for the practical 
elimination of this species. Possibly environmental changes related to 
maturity of the lake, increased housing development around the lake, 
and increased boating activities have altered or reduced their required 
habitat. 
B luegill 
Bluegills first appeared in the bag seine catches about the first or 
second week of July. The first sign of reproduction by blue gills during 
1957 was eyed eggs found in nests along the north shore in the bulrush 
areas on June 19. Apparently spawning by this species may continue 
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through the first of August. The young can be found around the entire 
lake but were concentrated in areas of heavy vegetation. Their food 
was principally Entomostraca until they were about 1Z inches long when 
increasing amounts of immature insects were eaten. 
Even though good hatches have been common for this species during 
the last few years, good survival of the year class beyond age group 0 
has been limited to occasional years (DiCostanzo, 1957. Since there 
are young of this species entering the population throughout the summer, 
they are probably very important as a first source of fish food for the 
young predators. 
Pumpkin s e e d 
Pumpkinseeds seem to have about the same characteristics as blue -
gills. They are practically indistinguishable from bluegills when er_-
countered in the field before they are somewhat over 1 inch in length. 
For this reason they have been lumped with the bluegills during this 
study. As an example of their relative abundance, an attempt was made 
to identify the pumpkinseeds collected during the last three weeks of 
August, 1956, and they were found to constitute about 4°jo of the total 
bluegill-pumpkinseed catch. 
Black Crappie 
Black crappies were first caught with the bag seine during the first 
week of July. They were found principally in the heavily to moderately 
vegetated areas. Their food was almost entirely Entomostraca through-
out the first summer of life. By September 1 they reached an average 
length of about 2z inches . 
White Crappie 
White crappies are less important to the Clear Lake fishery than 
black crappies. However, there was indication that the white crappies 
may become increasingly important. Generally, this species vvas not 
sampled with the 30-foot bag seine but there is reason to believe that the 
bag seine used during this study did not properly sample this species. 
Large numbers of young white crappies were observed by the writer 
when the Lake Survey crew of the Iowa State Conservation Commission 
sampled Clear Lake in the summers of 1956 and 1957 with a 500-foot 
bag seine. These results seem to indicate that white crappies require 
the deeper open waters not sampled by the smaller seine, 
Other than habitat requirement differences, the habits of the white 
crappies appeared to be similar to those of the black crappies. The 
stomachs of ZO fish were examined and their food was almost entirely 
Entomostraca with a few immature insects included. Their growth was 
slightly faster than that of black crappies and they were about 24 inches 
long by Septemb er 1. 
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Yellow Perch 
Young yellow perch first appeared in the bag seine catches about mid-
June. They usually were found in heavily to moderately vegetated areas 
in association with young largemouth bass, bluegills and pumpkinseeds, 
black crappies, black bullheads, or walleyes. At first they fed on Ento-
mostraca but later during the summer they ate large numbers of im-
mature insects and Hyalella. By September 1 this species was usually 
about 3 inches long. The young yellow perch are important as forage for 
predator species and for walleyes in particular (Bailey and Harrison, 
1945). 
In recent years there has been a general decline of the perch popula-
tion. Data collected during this study were inadequate to determine 
whether or not the reproductive success has declined since 1950. Repro-
duction has been fairly constant during the past four years but has been 
known to drop drastically during years when vegetation was sparse in 
Clear Lake (Carlander et al. , 1953). 
Walleye 
Young walleyes appeared in the bag seine catches about the same time 
as the yellow perch. A survey made during the 1956 spawning season 
indicated that walleyes spawn to some extent around most of the eastern 
end of the lake with the exception of the bulrush areas. Their principal 
spawning areas were around the Island, around Dodge's Point, and near 
the Outlet. Stocking of walleye fry has been conducted for a number of 
years and starting in 1949 when no stocking was done, stocking has been 
conducted every other year to determine the value of the program. Gen-
erally year class success has been best for those years when stocking 
was done. Predation on the eggs by other fishes and fungus killing the 
eggs are possible factors which were observed in studies on the efficiency 
of the natural reproduction in 1955 and 1956. 
The young walleyes seemed to require the mode rately vegetated areas. 
Their food habits changed from Entomostraca to fish when they were 
about 2 to 3 inches long. Growth has been generally good with the fish 
reaching a total length of about 6 inches by September 1 during most 
years. 
Acknowledgements 
The author wishes to express his sincere appreciation for the invalu-
able encouragement, aid, and suggestions given throughout this study by 
Dr. Kenneth D. Carlander, Department of Zoology and Entomology. 
Special thanks are due Charles J. DiCostanzo, James A. McCann, and 
Marvin M. Buckholz of the Iowa Cooperative Fisheries Research Unit 
who assisted with the collection of the data and were field companions. 
The efforts of other Unit biologists who collected the data prior to the 
summer of 1954 are also appreciated. The cooperation and provision of 
facilities at Clear Lake by the Iowa State Conservation Commission per-
sonnel and especially Mr. Robert Cooper have been appreciated. 
STUDY OF YOUNG GAME FISH 23 
LITERATURE CITED 
Bailey, Reeve M. and Harry M. Harrison, Jr. 1945. The fishes of Clear 
Lake, Iowa. Iowa State Coll. Jour. Sci. 20:5?-77. 
Bonn, Edward W. 1953. The food and growth rate of young white bass 
(Morone chrysops) in Lake Texoma. Trans. Amer, Fish. Soc. 82: 
21 3-221 . 
Carlander, Kenneth D. 1953. Handbook of Freshwater Fishery Biology 
with the first supplement. Dubuque, Iowa, Wm. C. Brown Co. 
  William M. Lewis, C. E. Ruhr, and Robert E. Cleary. 1953. 
Abundance, growth, and condition of yellow bass, Morone interrupta 
Gill, in Clear Lake, Iowa, 1941 to 1951. Trans. Amer. Fish. Soc. 
82:91-103. 
DiCostanzo, Charles J. 1957. Growth of bluegill, Lepomis macrochirus, 
and pumpkinseed, L_. gibbosus, of Clear Lake, Iowa. Iowa State Coll. 
Jour. Sci. 32:19-34. 
and Richard L. Ridenhour. 1957. Angler harvest in the summers 
of 1953 to 1956 at Clear Lake, Iowa. Proc. Iowa Acad. Sci. 64:621 -
628. 
Doan, Kenneth H. 1942. Some meteorological and limnological condi-
tions as factors in the abundance of certain fishes in Lake Erie. 
Ecol. Monogr. 12:293-314. 
Eschmeyer, R. William. 1937. Some characteristics of a population of 
stunted perch. Papers Mich. Acad. Sci. , Arts and Lett. 22:613-628. 
Forney, John L. 1955. Life history of the black bullhead, Ameiurus 
melas (Rafinesque). of Clear Lake, Iowa. Iowa State Coll. Jour. Sci. 
30:145-162. 
Kutkuhn, Joseph H. 1955. Food and feeding habits of some fishes in a 
dredged Iowa lake. Proc. Iowa Acad. Sci. 62:576-588. 
Lewis, William M. 1950. Growth of the white bass, Lepibema chrysops 
(Rafinesque), in Clear Lake, Iowa. Iowa State Coll. Jour. Sci. 24: 
273-277. 
Maloney, J. E, and F.H. Johnson. 1957. Life histories and interrela-
tionships of walleye and yellow perch, especially during their first 
summer. Trans. Amer. Fish. Soc. 85:191-202. 
Martin, Nigel V. 1952. A study of the lake trout, Salvelinus namaycush, 
in two Algonquin Park, Ontario, lakes. Trans. Amer. Fish. Soc. 
81:111-136. 
Parsons, John W. 1950. Life history of the yellow perch, Perca flaves-
cens (Mitchill), of Clear Lake, Iowa. Iowa. State Coll. Jour. Sci. 25:
83-97. 
Ridenhour, Richard L. 1957. Northern pike, Esox lucius L., population 
of Clear Lake, Iowa. Iowa State Coll. Jour. Sci. 32:1-18. 
Sigler, William F. 1949. Life history of the white bass, Lepibema 
chrysops (Rafinesque), of Spirit Lake, Iowa. Iowa Agr. Exp. Sta. 
Res. Bull. 366:203-244. 

IOWA STATE JOURNAL OF SCIENCE 
Vo1.35, No.l August 15, 1960 pp. Z5-40 
DRYING AND MATURITY OF GRAIN SORGHUM 
AS AFFECTED BY WATER LO5S FROM PLANT PARTSl
Ivan Wikner and R.E. AtkinsZ
Grain sorghums are a popular and productive crop in much of the 
Southern Great Plains. In areas of limited rainfall they generally are 
a more reliable crop than corn. In recent years a striking increase in 
production of grain sorghum has taken place in states to the north and 
east of the main area of production. The advent of high yielding hybrids, 
the occurrence of several abnormally dry seasons and the popularity of 
sorghums as a substitute feed crop for acres diverted from corn under 
acreage allotment programs all have contributed to the expanded grain 
sorghum acreage in this area. 
Climatic conditions during some fall seasons in the corn belt area 
may be unfavorable for normal maturation and drying of sorghum grain. 
Frequent rains and the occurrence of many days during October and 
November of 1957 which were not favorable for drying grain resulted in 
many acres of grain sorghum that did not attain a grain moisture content 
suitable for harvest and storage without artific=ally drying the grain. In 
other recent years sorghum producers in this area have been able to 
harvest sorghum grain by mid- to late -October at moisture contents 
suitable for storage. Thus it appears that severity of the sorghum grain 
moisture problem may vary considerably from year to year. 
Hybrids or varieties which mature early and dry rapidly undoubtedly 
will be favored for production under these conditions. The purpose of 
this investigation was to study the rate of water loss from the grain and 
other plant parts of several grain sorghum hybrids and varieties, and to 
determine if loss of water from the grain was associated with the rates 
of water loss from other plant parts. 
PERTINENT LITERATURE 
Published reports of studies with grain sorghum which relate directly 
to this investigation are limited in number. However, several studies 
with corn, which may be applicable to this study, have been reported. 
As corn and sorghum are similar morphologically and in many growth 
characteristics, certain of the studies with corn also will be reviewed. 
Newlin (8) found that water loss from the grain, cobs and stalks of 
corn was relatively slow and followed an essentially linear pattern, while 
iJournal Paper No, J-3794 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No.1364. Part of a thesis 
submitted by the senior author in partial fulfillment of the requirements 
for the M.S. degree at Iowa State University of Science and Technology. 
Former Graduate Student and Associate Professor of Farm Crops, re-
spectively, Agronomy Department, Iowa State University of Science and 
Technology, Ames . 
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water loss from the leaves, husks, and shanks was more rapid and was 
not linear in nature. Differences in rates of water loss between the two 
groups were attributed to basic morphological differences of the respec-
tive plant parts, Water loss from the shanks was rapid after a killing 
frost and there was an increased rate of water loss from the stalks after 
a freeze. His experiments indicated that the differential rate of water 
loss among the six single crosses studied was governed by genetic fac-
tors. He also observed that for some lines of corn the grain dried 
rapidly in comparison with the cobs, but the comparative rate of drying 
for grain and cobs was reversed with other strains. Rate of water loss 
from other plant parts did not have a measurable effect on rate of water 
loss from the grain. 
Climatic effects on the rate of drying with corn were observed by 
Schmidt (9) to be greatest when kernel moisture was above 50% or below 
Z5%. He concluded that when grain was within the 25 to 50% moisture 
range, the effects of climatic fluctuations were slight if the corn had 
been planted at normal planting time and plant growth and development 
was normal. 
Physiologic maturity has been defined by Aldrich (2) and by Shaw and 
Loomis (11) as the point at which maximum dry weight of the grain is 
attained. Aldrich (2) stated that moisture in corn grain averaged 35% 
when translocation ceased, and that general plant appearance was not a 
reliable index of relative or actual maturity. Maximum dry weight of 
the grain was obtained at 29.2, 35.2, and 40.0% moisture for early, 
medium and late maturing corn hybrids, respectively, in experiments 
reported by Shaw (10). 
Dessureaux e_t al. (4) found that some strains of corn reached 35 to 
40%grain moisture before maximum dry weight was attained, while other 
strains reached this moisture level after maximum dry weight had been 
obtained. They also reported that the expression of heterosis in kernel 
development affected the rate of moisture depletion in grain, and that 
maturity was hastened 4 to 5 days with cross-pollination as opposed to 
self-pollination. They concluded that strains of corn that flower early 
tend to mature rapidly. 
Aboul-Ela (1) found that maximum dry weight of corn grain was not 
always attained when moisture content of the grain reached 35 to 40% 
and that the point at which maximum dry weight was obtained varied 
considerably among hybrids and with seasons. Observations on the 
moisture content of corn grain at physiologic maturity also have been 
reported by Hallauer (5) and by Kiesselbach (7), and generally were 
within the ranges presented by other investigators. Maximum dry weight 
of sorghum grain was obtained approximately 30 days after bloom in 
studies reported by Clegg et al. (3), and the grain contained 35 to 38% 
moisture at that time. 
Moisture content of the grain was higher than that of the cob in corn 
harvested soon after Bilking by Shaw and Thom (1 Z). This relationship 
changed as the average moisture level reached 65 to 75% and cob mois-
ture then exceeded grain moisture. The maximumdifference in moisture 
per cent between the grain and cob averaged 23 to 24%, and occurred at 
approximately 35% moisture in the grain. Moisture per cent in both the 
cobs and husks of corn was observed by Aboul-Ela (1) to be higher than 
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kernel moisture, when kernel moisture was between 50 and 65°jo. As 
plants approached maturity, moisture percentage then declined rapidly 
in the husks and slowly in the cobs in comparison with kernal moisture. 
EXPERIMENTAL PROCEDURE 
Four varieties and two hybrids which differ considerably in maturity 
and in growth characteristics, particularly in compactness of the head, 
were studied. For brevity of presentation, the varieties and hybrids 
will be referred to collectively as entries. The variety Norghum is 
early maturing and has an open or loose head type. Likewise, the De -
Kalb C44a hybrid has an open head, but the head is considerably larger 
and neither blooms nor matures as early as Norghum. Martin and Mid-
land are compact -headed varieties of midseason maturity. The head 
of Martin has a central stem or rachis which tends to become dry and 
brittle as the plant approaches maturity, while the rachis of Midland 
remains green as the grain and other plant parts mature. The RS610 
hybrid is a moderately compact -headed type of approximately the same 
maturity as Midland and Martin. Double Dwarf Yellow Milo has, a very 
compact, club-like head which does not open appreciablyas it approaches 
maturity. Representative heads of the six entries are shown in Figure 1. 
Five plantings were made during the 1958 spring season at Ames, 
Iowa, using a randomized block design, with three replicates of the six 
entries planted at each date. Planting dates ranged from May 22 to June 
Z4, with each plot consisting of six rows 25 feet in length. All plots 
were thinned to a stand of six to eight plants per foot in rows spaced 40 
inches apart. Thus tillering was minimized and the main tillers used 
for plant part separations could be selectedwith aminimum of difficulty. 
Date mid-bloom was used as an aid in selecting plots of all entries 
which would reach a grain moisture level of approximately 45 to 50% at 
the same time. To further classify plants of equal development a system 
similar" to the one described by Jensen (6) for marking plants with colored 
spray paints was used. Exceptionally early or late blooming plants were 
marked on the peduncle with paint and not used in sampling the plots. 
One of the six rows in each plot was used for grain moisture determina-
tions prior to the initial harvest. The remaining five rows were divided 
into two sections and one of the ten sub-plots used at random to obtain 
samples at each of the ten harvest dates. 
The initial harvest was made when the grain moisture of all entries 
was between 47.5 and 52.5%. Harvesting was initiated on September 12 
and continued at five-day intervals through ten harvest dates, concluding 
on October 28. Ten uniform, primary -stalk plants per replicate were 
selected from each entry at each harvest date. All harvests of Norghum 
were made from the third planting (June 10), while samples of other 
entries were taken from the first planting (May 22~. One replicate at a 
time was harvested for all entries, and plant part separations were made 
in approximately one hour to minimize moisture loss prior to weighing. 
Each plant was separated into grain, pedicles, rachis, peduncle, .leaves, 
and stalk. A representative separation of the grain, pedicles, rachis, 
and peduncle is shown in Figure 2. 
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Figure 1. Representative heads of four grain sorghum varieties and 
two hybrids evaluated for moisture loss from plant parts. 
Threshed heads on left, normal heads on right. 
(1) Norghum (Z) DeKalb C44a (3) Martin 
(4) Midland (5) R.S. 610 (6) Double Dwarf Milo 
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Figure 2. Plant part separation of the grain sorghum head. 
(1) Grain (2) Pedicles (3) Rachis (4) Peduncle 
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Heads were detached from the plant at the flag leaf and grain removed 
by placing the head in a Vogel head thresher operated at a slow cylinder 
speed. After separation of the grain the remaining outer glumes on a 
head were scraped from the pedicles. pedicles were cut or pulled from 
the central rachis and the rachis cut ~at the base of the head to obtain the 
rachis and peduncle sections. Leaves were detached from the stalks at 
the leaf sheath attachment and stalks cut into lengths convenient for 
weighing and drying. The entire sample of each plant part was used in 
determining moisture percentages. 
Samples of all plant parts were weighed to the nearest .5 gram, dried 
at 60 ° C for 96 hours, then moved to an electric drying oven at 100 ° C for 
48 hours. This treatment was adequate to remove all moisture from 
the samples and moisture percentages at harvest were calculated from 
recorded moist and dry weights. 
Duplicate 100-kernel samples from each plot for the first sixharvests 
were weighed to determine the harvest moisture at which maximum dry 
weight of the grain was attained. All entries had reached 15 to 20% grain 
moisture at the sixthharvest date and kernel weights were not determined 
for later harvests. Kernel samples were weighed to the nearest one -
hundredth gram and total weight of the 200 kernels used in analyses of 
the data. 
Analyses of variance for all characters measured and regression 
analyses for part of the determinations were calculated using the methods 
outlined by Snedecor (13). 
RESULTS AND DISCUSSION 
Climatic conditions during the 1958 season at Ames were favorable 
for good plant development and high grain yields for all full season crops. 
Moisture was adequate and temperatures relatively low as the sorghum 
plants developed toward bloom stage. Temperature and moisture condi-
tions were exceptionally favorable for plant maturation and drying of the 
grain from the initial to the final harvest. Daily maximum temperatures 
for the September 12 to October 28 period averaged 10 to 15° above the 
comparable average temperatures recorded at Ames for the 25-year 
period 1931-1955, and total precipitation during the harvest period was 
only 1.57 inches. Of this total, 1.11 inches occurred two days after the 
initial harvest and only a trace to approximately . 1 inch fell at any one 
time during the remainder of the harvest period. 
The first frost of the fall season at Ames occurred on October 1 when 
a temperature of 29°F was recorded. A large majority of the leaves on 
all plantings were killed at this time, but stalks remained green and 
succulent. Subsequent frosts occurred on October 11 and 28 when tem-
peratures of 29 and 30 °F, respectively, were recorded. These frosts 
resulted in additional killing of leaves, but stalks still remained green 
and succulent. The October 1 frost occurred one day prior to the fifth 
harvest, and a marked increase in rate of moisture loss was observed 
after the fourth harvest for all plant parts except the grain and stalks. 
Thus for the pedicles, rachis, peduncles, and leaves the rates of mois-
ture loss followed quite different patterns before and after the first frost. 
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The pattern for moisture loss from each plant part generally was 
similar for all varieties and hybrids. Moisture percentages for the 
various plant parts at successive harvests are shown in Figure 3 for the 
variety Norghum, and gene rally are representative of the trends observed 
for other entries. The most pronounced deviation from the patterns 
displayed for Norghum was observed among the grain moisture values 
obtained for Double Dwarf Milo after the third harvest. A comparison 
of mean squares for Dwarf Milo versus the other entries, through an F 
test, showed that this variety differed significantly from the other entries 
in rate of moisture loss from the grain, rachis and peduncles. Lack of 
conformity of the grain moisture determinations for Dwarf Milo as shown 
in Figure 4 probably can be attributed to extensive corn borer damage 
which occurred in all plots of this variety. Infestation by the European 
corn borer, Pyrausta  nubilalis (Hbn.~ was observed in nearly every plant 
of the Dwarf Milo plots, while practically none occurred in plots of the 
other entries. Borer damage was from second brood infestation and was 
expressed almost entirely as peduncle cavities in the area of the flag 
leaf attachment. It seems likely that this type of damage could materially 
affect translocation of water and nutrients to plant parts above this area. 
Moisture content for both the stalks and peduncles of Norghum, shown 
in Figure 3, averaged approximately 80% at the initial harvest. These 
plant parts retained essentially the same moisture content through the 
first five harvests, or lost moisture at a slow rate. Moisture loss from 
the stalks continued at a slow rate throughout the entire sampling period, 
and all entries were within 3 to 6%of the initial stalk moisture at the last 
harvest. Loss of moisture from the peduncles of Norghum, and other 
entries, was greatly accelerated following the October 1 frost. 
Leaf and rachis moisture content ranged from 72 to 7?% for different 
entries at the initial harvest. Moisture was lost from both the leaves 
and rachis at a moderate rate prior to the frost, and again a marked 
increase in water loss was observed after the freeze. This was particu-
larly true for the leaves, where the moisture loss was strikingly large 
and measurable soon after the freeze. Per cent of moisture in the leaves 
of Norghum was reduced approximately one-half between harvest dates 
four and five, with similar though somewhat less pronounced losses 
observed for other entries. 
The pedicles and grain of Norghum approached 50% moisture at the 
first harvest, with moisture content ranging from 47 to 55% among all 
entries when sampling was initiated. Moisture content of the pedicles 
generally was 2 to 3%higher at the first harvest than was grain moisture. 
The pattern apparent for leaves, peduncles and rachis, wherein moisture 
loss was much greater following the frost, again was observed for the 
pedicles. Grain moisture losses were relatively rapid and uniform 
for most entries through the first seven harvest periods, both before and 
after the October 1 frost. 
Sorghum grain may normally be expected to attain a minimum mois-
ture content of about 12 to 13% on mature plants in this area, when favor-
able drying conditions occur. Thus the rate of moisture loss in the grain 
for all varieties and hybrids will of necessity slow down as this moisture 
content is approached. In this study all entries were closely approaching 
the 12 to 13%grain moisture level at the seventh harvest, and statements 


















I 2 3 4 5 








6 7 8 9 10 
Figure 3. Percent of moisture at successive harvest dates for six plant 
parts of Norghum. 
relative to grain moisture will be confined primarily to the first seven 
periods. For the other plant parts an equilibrium or leveling off goint 
was not as definitely established, and data from all ten harvests was 
used in the interpretations for these characters. 
Some fluctuations in the uniform downward trend in grain moisture 
percent for the six entries at successive harvest dates can be seen in 
Figure 4. However, the pattern was essentially linear through the first 
seven harvests for all entries, except the Double Dwarf Milo. The slight 
increase in grain moisture content observed at the tenth harvest may 
have resulted from a light rain the evening preceding this harvest and a 
white frost on the morning samples were taken. 
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Figure 4. Grain moisture percent at successive harvest periods for six 
grain sorghum varieties and hybrids. 
Regression analyses of grain moisture percentage on harvest date are 
presented in Figure 5. Data from the Dwarf Milo samples were excluded 
and only the first seven harvests were used for these calculations. Re-
gression coefficients for all entries were grouped closely with a range 
from -5.62 to -6.54 obtained. An F test for significance of the differ-
ences among entry regression did not exceed the 5% level of probability, 
indicating no real differences were obtained in rate of moisture loss 
from grain of the five entries. The mean square associated with devia-
tions from individual entry regressions accounted fora large portion of 
the total variation and it was not possible to establish signi€icant differ-
ences among entry regressions. 









2 3 4 5 
HARVEST DATES 
6 T 
Figure 5. Regression of grain moisture percentage on harvest date for 
five grain sorghum varieties and hybrids, 
A pronounced difference in rate of moisture loss from the rachis 
prior to and after the October 1 frost is shown in Figure 6. Moisture 
c-content .decreased at a slow rate prior to the frost and then dropped 
rapidly'. - A similar pattern for moisture loss was observed for the pedi-
cle, peduncle, and leaf samples. An increase in moisture content gener-
ally was observed for all plant parts except the grain, between the first 
and second harvests. Precipitation of 1.11 inches hree days prior to the
second harvest may have- been a factor in effecting -this increase. Light 
rain and frost prior to the -final harvest also was a likely cause fox the 
gain in rrioisture generally observed between harvests nine and ten. 
Analyses based on linear or curvilinear regression methods did not 
seem appropriate for evaluating differences in moisture loss for data 
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Figure 6. Rachis moisture percent at successive harvest periods for 
six grain sorghum varieties and hybrids. 
obtained from the rachis, pedicle, peduncle, and leaf samples. An 
analysis of the differences in percent moisture between adjacent harvest 
dates seemed most appropriate for evaluating the relative rate of mois-
ture loss among varieties and hybrids, and nine separate analyses for 
contiguous harvest dates were calculated for each character. In several 
instances significant differences obtained for the gain or loss in moisture 
between contiguous harvests could be explained either by rains which'-fell 
prior to harvest, or by deviation of the corn borer infested Dwarf Milo 
plots from the pattern ob served for other entries. When these compari-
sons are excluded from consideration, the differences among entries for 
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rate of moisture loss exceeded the 5%level of probability in only seven 
of fifty-four comparisons between contiguous harvests. Thus for the 
pedicle, rachis, peduncles, and leaves all entries generally followed 
similar patterns of moisture loss. 
The only appreciable difference in rate of moisture loss among entries 
was observed with the peduncle moisture determinations. After the frost 
Midland lost moisture at a considerably slower rate than other hybrids 
or varieties. At the final harvest it was approximately 16°/o higher in 
moisture than Norghum, more than twice as high as all other entries, 
and nearly three times greater in peduncle moisture than Dwarf Milo and 
RS610. Norghum likewise retained a relatively high peduncle moisture 
throughout the sampling period, though it was one of the lowest in grain 
moisture content. Peduncles of Midland and Norghum also retained a 
markedly greener color than other entries. However, the apparent 
greenness and high moisture content observed for the peduncle of these 
entries was not reflected in the grain moisture determinations. A further 
indication that peduncle moisture may have little association with grain 
moisture content was observed with the RS610 hybrid. This entry was 
among the lowest for peduncle moisture throughout the sampling period, 
but was one of thehighest in grainmoisture content at most harvest dates. 
None of the freezing temperatures which occurred during the harvest 
period was severe enough to kill the stalks and apparently did not affect 
water movement in this segment of the plant. Average stalk moisture 
content for all entries, shown in Figure 7, decreased only 5.5°fo during 
the entire sampling period. Regression analyses for the stalk moisture 
percentages are presented in Figure 8. Regression coefficients ranged 
from -.769 for Dwarf Milo to -.293 for Norghum. Differences among 
entry regressions, as determined by an F test, exceeded the 1% level of 
probability. However, significance of the differences in moisture loss 
among entries likely is of little consequence in view of the low total 
moisture loss through the entire sampling period. 
Grain moisture content of the various entries when maximum dry 
weight was attained fell within a range of 30 to 39%. Most entries de-
creased somewhat in 200-kernel weight as subsequent harvests were 
made at lower grain moisture levels, but the decreases generally were 
small and some deviations from this trend occurred. The grainmoisture 
content of Norghum and Midland when maximum dry weight was attained, 
given in Table 1, generally was somewhat lower than that for other 
entries. Maximum dry weight for the other entries was reached at 
approximately equal moisture levels, though the DeKalb C44a hybrid 
generally contained slightly higher grain moisture than the remaining 
entries when maximum dry weight was obtained. 
Ranges obtained for per cent moisture at the time maximum dry 
weight of the grain was attained compared favorably with the 35 to 38% 
moisture content reported by Clegg et al. (3~, though the total range 
including all entries was somewhat greater. However, the period be-
tween mid-bloom and attainment of maximum dry weight of the grain 
varied from 40 to 46 days in this study, as compared with the 30-day 
period observed for the determination made in Nebraska. 
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Figure 7, Stalk moisture percent at successive harvest periods for six 
grain sorghum varieties and hybrids. 
SUMMARY AND CONCLUSIONS 
Loss of moisture from the grain, pedicles, rachis, peduncle, leaves, 
and stalk of four grain sorghum varieties and two hybrids was .studied 
through a period of ten successive harvests at five-day intervals. The 
initial harvest was made when grain of all entries was within a range of 
47.5 to 52. 5°jo moisture. Plant part separations were made for the vari-
eties Norghum, Midland, Martin, and Double Dwarf Yellow Milo, and for 
the hybrids RS610 and DeKalb C44a. These entries differed considerably 
in relative maturity and growth characteristics, and particularly in 
compactness of the head. 
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Figure 8. Regression of stalk moisture percentage on harvest date for 
six grain sorghum varieties and hybrids. 
Rate of water loss from the pedicles, rachis, peduncle, and leaves 
was affected materially by the occurrence of frost and a Z9°F low tem-
perature two days prior to the fifth harvest. Moisture determinations 
for the grain and stalks were not influenced appreciably by the frost. 
Nearly all plants of Dwarf Milo were severely infested by the European 
corn borer at the base of the peduncle and results obtained for plant 
parts above the area of infestation may not have been typical of the nor-
mal performan ce for this variety. 
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Table 1 . Range in moisture per cent at' maximum dry weight of the 
"grain for six grain sorghum hybrids and varieties. 
Variety or Hybrid 
Per cent moisture at 
maximum dry weight 
Norghum 31-35 
DeKalb C44a 34-39 
Martin 35-38 
Midland 31 -35 
RS610 34-39 '' 
Dwarf Milo 34-39 
Loss of moisture from the grain of all varieties and hybrids was 
comparatively uniform and followed a linear pattern through the first 
seven harvests. Data obtained for Dwarf Milo deviated from the pattern 
observed for other entries, and it appears likely that the corn borer 
damage observed in this variety may have limited translocatiori of water 
and nutrients to the head and resulted in premature drying of the grain. 
A regression analysis of moisture percentages at the first sevenharvest 
dates for the other - entries indicated that rate of water loss among these 
entries did not differ significantly. Grain moisture content of all entries 
tended to level off at 12 to 13% after the seventh harvest and data from 
the last three harvests were excluded from the regression analyses. 
Moisture loss from' the stalks was slow - and the average moisture 
content for all entries decreased only 5.5% through the entire harvest 
period. A regression analysis indicated that varieties and hybrids dif-
fered --significantly in rate of moisture loss, but the importance of these 
differences likely is not great in view of the low moisture loss for the 
entire harvest period. 
The pattern of moisture loss from the pedicle, raChis, peduncle, and 
leaves of all entries was similar, and was divided into three pronounced 
segments. Rate of water loss prior to the frost generally was slow and 
similar for all entries. After the frost,moisture was lost at a rapid rate 
until the seventh or eighth harvest, and a~ slower rate of loss then was 
observed through the final harvests. Analysis of the differences between 
moisture percentages at adjacent harvests gave a low proportion of dif-
ferenceswhich exceeded the 5%level of probability, and it was concluded 
that the hybrids and varieties evaluated did not differ appreciably in rate 
of water loss from the pedicles, rachis.or leaves. Midland and Norghum 
lost moisture from the peduncle at a considerably slower rate than did 
the other entries. 
A consistent association of rate of moisture loss from the grain with 
that from other plant parts was not established for any of the varieties 
or hybrids. Similarly, a consistent relationship between compactness 
of the head and rate of moisture loss from the grain was not observed. 
Entries which differed in degree of head compaction also were of differ-
ent genetic constitution, thus a critical evaluation of rate of water loss 
in open versus compact headed types was not possible. 
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Maximum dry weight of the grain was attained when grain was har-
vested at between 31 and 39% moisture. Norghum and Midland attained 
maximum dry weight of the grain when grain moisture content at harvest 
was between 31 and 35%. A range of 34 to 39% grain moisture at harvest 
produced maximum dry weight of the grain for the other entries. 
The resultsand conclusions presentedwere obtained in a seasonwhich 
was very favorable for growth and maturation of the sorghum plant. They 
may or may not be indicative of the general pattern of moisture los s 
from sorghum plant parts. Rates of moisture loss from the various 
plant parts, and interrelationships among them might differ considerably 
in a less favorable growing season or when harvests were made during a 
cool, humid fall season. 
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NUCLEOTIDE -DEPENDENT CARBON DIOXIDE FIXATION 
IN RHODOSPIRILLUM RUBRUMl
D.S. Bates and C.H. Werkman 
Heterotrophic carbon dioxide fixation, first reported by Wood and 
Werkman (1), has been explained as a carboxylation of pyruvate resulting 
in the formation of oxalacetate. Subsequent investigations led to the 
suggestion that a phosphate ester might be involved in this carbon dioxide 
fixation (Z). This view was emphasized when attempts to carboxylate 
pyruvate directly failed, whereas exchange of C130 Z for C12OZ occurred 
in the carboxyl adjacent to the methylene group of oxalacetate (3, 4). 
When the energy requirements of the reaction were evaluated, it became 
more probable that a phosphate ester was involved (5). 
That such a phosphate ester is involved in carbon dioxide fixation was 
established by the discovery of two enzymes which catalyze the fixation 
of carbon dioxide into phosphoenolpyruvate (PEPS) to form oxalacetate 
(OAA). One is phosphoenolpyruvic carboxylase (6), which catalyzes the 
irreversible reaction 1; the other is the nucleotide-requiring oxalacetic 
carboxylase (7), which catalyzes the reversible reaction 2. 
PEP + COZ -~ OAA + Pi 
PEP + CO2 + IDP ~ OAA +ITP 
(1) 
(2) 
Enzyme preparations catalyzing reaction 2 have been obtained from 
chicken liver (7), lamb liver (11), wheat germ (8), Thiobacillus thio-
oxidans (9), Nocar~lia corallina, Mycobacterium phlei andRhodospirillum 
rubrum (10). 
This report describes properties of thenonphotosynthetic, nucleotide-
dependent carbon dioxide fixation catalyzed by extracts of the photosyn-
thetic autotroph, R. rubrum.
MATERIALS AND METHODS 
All chemical compounds were obtained from commercial sources. 
Crude cell extracts of Rhodospirillum rubrum ATCC 11170 were 
prepared by sonic disruption as previously described (10), except that 
1 This work was supported in part by the U.S. Public Health Service. 
Abbreviations: PEP, phosphoenolpyruvate; IDP, inosine diphosphate; 
GDP, guano sine diphosphate; UDP, uridine diphosphate; ADP, adeno-
sine diphosphate; CDP, cytidine diphosphate; ITP, inosine triphosphate; 
GTP, guanosine triphosphate; UTP, uridine triphosphate; CTP, cyti-
dine triphosphate; ATP, adenosine triphosphate; OAA, oxalacetate; 
Tris, tris (hydroxymethyl)aminomethane; GSH, reduced glutathione; 
GSSG, oxidized glutathione; PCMB, p-chloromercuribenzoate; Pi, in-
organic phosphate. 
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the washed cells were suspended in 5 volumes of 0.1 M Tris, pH 7. 4, 
and no cysteine was added. 
The crude extracts were partially purified by two methods. In the 
first method, 'the crude extract was stored about two months at -20°C 
until used, made 10%by volume with saturated (NH4)ZSO4, and centrifuged 
10 min at 24, 500 x g at 4°C. The supernatant solution was dialyzed one 
hour against distilled water, then against 0.005M phosphate buffer, pH 
5.9, one hour in an EC electroconvection apparatus at 40 volts. In the 
second method, the fresh extract (not stored) was treated as described 
above, then further fractionated with saturated ammonium sulfate. The 
40-70% fraction was collected by centrifugation as described above, dis-
solved in the same volume of 0. 9% KC1 as the original volume of crude 
extract, and treated in the EC electroconvection apparatus. All opera-
tions were performed at 4°C. 
The reactions were conducted and the reaction mixtures analyzed as 
previously described. (10). The experimental error was about 5%. 
Radioactive OAA was recovered as the 2, 4-dinitrophenylhydrazone 
which was identified by paper chromatography -and radioautography. 
The location of the radioactive carbon was determined by the method of 
Bandurski and Greiner (6). 
Protein was determined by the biuret method (12) following the re-
moval of cell pigments (1 3). 
RESULTS AND DISCUSSION 
The results herein presented were obtained with extracts prepared by 
the first method except where indicated. Similar results were obtained 
with both extracts in a given experiment. OAA was the only compound 
which was significantly radioactive and was identified from reaction 
mixtures originally containing either PEP- and IDP (fixation reaction) or 
OAA and ITP (exchange reaction). 
That - the- reaction depended upon either PEP and IDP or OAA and ITP 
is indicated in Table 1. 
Concentration effects of the various components are shown in Table 2. 
The activities either remained constant or decreased after the maxima 
were reached. Relatively small amounts sufficed for the attainment of 
the nucleotide maxima, whereas large bicarbonate concentrations were 
required. 
Table- 3 shows the 'effects of pH, time, and volume of extract. The 
pH optima were quite broad in both cases and the optimum in the fixation 
reaction appeared to be slightly more acidic. A linear relationship 
existed between the activity and reaction time a.s well as between activity 
and volume of extract. 
The results of various nucleotide substitutions are shown in Table 4. 
Inosine and guano sine nucleotides appeared to be interchangeable. Ap-
parently this system differs from that in SaccharomYces cerevisae
which requires ATP (14). It is not known whether both inosine and guano-
sinenucleotides satisfied the nucleotide requirement or one was converted 
to" the other by some other system in the extract. Although not conclusive, 
experiments indicated little or no nucleoside diphosphokinase activity in 
these extracts. 
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The divalent metal ion requirement was satisfied by Mn++ to a much 
greater extent than by Mg++ or Co++ as indicated in Table 5. 
The stimulation of the reaction by sulfhydryl compounds depended on 
the age of the extract. The reaction was stimulated somewhat by cysteine 
when freshly prepared extracts were employed, but the enzyme was 
active in the absence of added cysteine. However, old extracts required 
a sulfhydryl compound. . Table 6 gives results of sulfhydryl compounds 
and also the inhibitory effect of a sulfhydryl inhibitor. One-tenth Nrriole 
p-chloromercuribenzoate (PCMB) in contact with the extract for 15 min 
completely inhibited the reaction, whereas the addition of 10 µmoles of 
cysteine restored some of the activity. 
In preparing the extracts, fractionation or storage was neces-sary 
since the endogenous fixation in the absence of added nucleotide occurred 
in both the fixation and exchange reactions when crude extracts were 
employed. This fixation was not removed by various methods of dialysis, 
charcoal treatment, or ion exchange resins. It is not known whether 
this endogenous fixation- was due to the irreversible phosphoenolpyruvic 
carboxylase (6); some unknown factor, enzymatic or nonenzymatic; or 
simply the failure to remove the nucleotides. 
Preliminary experiments indicate that reaction 2 is also catalyzed by 
extracts of R. rub rum grown aerobically in the dark. 
Table 1 . Dependence of COZ fixation on OAA and PEP. 
Reaction mixtures contained, in micromoles: phosphate, pH 6. 5, 
50; MnC12, 5; NaHC140 3, Z.5(1 x 10~ cpm~; cysteine, 10; substrate 
and nucleotide additions, 3, where indicated. Extract, 0. 1 ml 
(125 µ,g protein. Total volume Z.0 ml. Reaction time, 45 min. 















Pyruvate, ITP 0 
Pyruvate, IDP 0 
Pyruvate, ATP, IDP 2 
Malate, ITP Z 
'~ Counts per minute for 50 µl of reaction mixture. 
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Table 2. Concentration effects. 
Reaction conditions were the same as Table 1 except where varied 
as indicated. 
Fixation reaction Exchange reaction 

























IDP'~ I TP'~'` 
0.0 9 0.0 2 
0.3 522 0.15 564 
0.75 598 1.5 1148 
1.5 596 3.0 670 
3.0 556 4.5 398 
4.5 326 
MnC12 MnCly~~` 
0.0 2 0.0 4 
0.5 77 0.5 42 
1.25 128 2.5 544 
2.5 234 5.0 524 
5.0 257 10.0 458 
10.0 221 
Cysteine Cysteine 
0.0 19 0.0 288 
2.5 161 2.5 822 
5.0 190 5.0 1002 
10.0 275 10.0 1122 
15.0 246 20.0 1032 
20.0 276 25.0 982 
NaHC14O3~~~ NaHC14O3~'~'~ 
20 118 10 422 
50 136 30 842 
70 170 50 954 
60 1082 
70 1054 
~MnC12, 2.5 µmoles; NaHC14O; , 1.25 µmoles; extract No. 2, 0.1 ml 
(66 Ng protein). 
'~'~Cysteine, 5 µmole s . 
~~~Nucleotides, 1.5 µmoles; MnClz, 2.5; extract, 0.2 ml; reaction time, 
60 min; NaHC14O3(4 x 104 cpm~funole). 
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Table 3. Effect of pH, reaction time, and extract volum 
Reaction conditions were the same as Table 1 except where 
varied as indicated. 
Fixation Reaction Exchange Reaction 
Reaction time Reaction time 
min, cpm~100 ~ min, cpm~100 µl 
15 88 15 574 
30 142 30 882 
45 151 45 1324 
60 272 60 1574 
Volume of Extract Volume of Extract 
ml cpm~100 Nl ml cpm~100 µ1 
0.05 86 0.05 438 
0.1 151 0.1 874 
0.2 339 0.2 1634 
pH's'` cpm~100 N1 pH~'F=~ cpmf 100 µt 
6. 0 1 86 5. 7 920 
6.2 250 6.0 1000 
6.4 285 6.35 1036 
6. 6 281 6. 6 1102 
6.8 265 6. 8 1160 
7.0 241 7,0 1198 
7.2 224 7.35 884 
7.4 202 7. 8 628 
8. 0 7 6 8. 0 546 
=Phosphate, 60 Nxnoles 
~~xPhosphate, 100 µmoles 
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Table 4. Effect of various nucleotides. 
Reaction conditions were the same as Table 1 except MnC12, 
2. 5 Nxnoles and nucleotide additions," l ~xnole. 
Exchange Reactions Fixation Reaction 
Additions cpm~100 µ1 Additions cpm~100 µl 
-ITP ̀  ' ' 514 IDP 142 
GTP 508 GDP 146 
UTP . ~" 102 UDP 33 
ATP 66 ADP 17 
IDP 32 ITP 12 
CTP 22 CDP 4 
None `14 None 4 
Reaction time, 60 rnin,_ 
Table 5. 'Effect of various divalent metal ions. 
Reaction conditions were the same as Table 1 except NaHC140 
1 . Z5 µrnoles(5 x 106 cpm~ and ion additions, 5 ~.irnoles. 
Fixation Reactions Exchange Reaction 
Additions cpm~100 µl cpm~100 µl. 
MnCIZ 146 818 
CoC12- 
_ _ 21 1
..
34. 
MgC1Z 12 120 
FeC12 8 50 
NiCly 2 8 
None 2 8 
Reaction time, 60 min. 
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Table 6. .:Effect of sulfhydryl compounds. 
Reaction mixtures contained, in micromoles; phosphate, pH 6, 5, 
60; MnCly, 2, 5.; NaHC140 3, 1 . 25(5 x 106 cpm); ;OAA (or PEP), 3; 
ITP (or IDP), 0.75; 0. 2 ml extract.; and additions as indicated in 
micromoles. Total volume, 2.0 ml. Gas phase, Nz. Reaction 






None 54 30 
Cysteine (10) 1..380 233 
GSH(10) 1420 154 
Cystine (6. 5) 30 38 
GSSG (10) 0 
PCMB (Q. 1) 1 
PCMB (0.1}, Cysteine (10) 574 72 
SU MIv1A,RY 
Evidence has been presented which indicates.. that cell-free extracts 
from light-grown cells of Rho dospirillum rubrum contain a reversible, 
nucleotide-requiring, carbon dioxide fixing system. Manganous ion 
appears to be the most efficient in satisfying the divalent ion requirement. 
Inosine and guanosine nucleotides are equally effective as cofactors. 
sulfhydryl compounds produce a stimulatory effect. The optimum pH 
range appears to be from 6.4 to 7. 0. 
The authors wish to thank Dr. Isamu Suzuki for his help and sugges-
tions in this investigation. 
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HERITABILITY PERCENTAGES AND DEGREES OF 
DOMINANCE FOR QUANTITATIVE CHARACTERS IN OATS1
K.R. Jones and K.J. FreyZ
Progress in plant breeding depends upon obtaining genetic diversity 
and the effectiveness of selection. Several phenomena make the selection 
phase difficult, but chief among them are the confounding effects of 
variation caused by nonadditive gene action and environment. These 
sources of variation may and often do cause plants with mediocre geno-
types to appear phenotypically superior or vice versa. Therefore, knowl-
edge of the relative contributions of environmental and additive and non-
additive genetic effects to variation among plants and their progenies 
would be useful in determining the proper selection procedure. 
The investigations presented here gave estimates of the relative mag-
nitude of the environmental and additive and dominance components of 
variation for the FZ and F5 generations of 20 oat crosses, for heading 
date, plant height, grain yield, and weight per 100 seeds. From the 
variances, heritability percentages, degrees of dominance, and expected 
genetic advances from selection were determined. 
REVIEW OF LITERATURE 
The value of statistics in estimating the factors responsible for bio-
logical variation was proposed by Fisher (6) in 1918. Subsequently a 
number of statistical models were proposed to determine the components 
of variance for segregating populations (5, 15, 17, 30). These made pos-
sible the analysis of phenotypic variation for use in estimating heritabil-
ity percentages. 
Lush (21) classified heritability perceniages into two categories: 
(a) broad, or the ratio of genotypic to total variance, and (b) narrow, or 
the ratio of additive genetic to total variance. According to Johnson et
a_l. (19) a heritability percentage indicates the expected effectiveness of 
selection in retaining phenotypic performance. Similarly, Grafius et al. 
(16) and Bartley and Weber (1) suggested that the magnitude of the herit-
ability values indicated the characters for which selection would be suc-
cessful and the generation when selection could be profitably practiced. 
Burton (2) suggested the use of both heritabilities and genetic coefficients 
1 Journal Paper No. J-3861 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1176. Part of a thesis 
submitted by the senior author in partial fulfillment for the Master of 
Science Degree. In cooperation with the Crops Research Division, 
Agricultural Research Service, U.S. Department of Agriculture. Re-
ceived for publication April 28, 1960. 
z Formerly Graduate Assistant and Professor of Farm Crops, Agronomy 
Department, Iowa State University, respectively. 
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by variation to show the progress expected from selection. By using 
heritability values to predict the expected gain from selection in barley, 
Frey and Horner (10) obtained a high positive correlation between ex-
pected and actual gains. 
Lindstrom (20) and Charles and Smith (3) showed that dominance 
was responsible for considerable variation in quantitative characters in 
tomatoes. Using a formula developed by Comstock and Robinson (5), 
Gardner et al. (14) found the degree of dominance for nine quantitative 
characters in corn to vary from partial to overdominance. Mather (22) 
utilizing data from Quisenberry (24) estimated dominance at 0.9 for 
grain length. Noll (23), Garber and Quisenberry (13), and Sappenfield 
(26) found earliness of heading date in oats to be dominant. 
Wallace et al. (27), using data from the F3 and F4 generations of the 
oat cross Letoria x Fulwin, found genetic coefficients of variation of 13, 
5, and 7% for grain yield, seed weight, and height, respectively. From 
parental and F2 variances of the same cross Wallace e_t al. (28) estima-
ted the genotypic variance of the parents as 29%for yield and 4%for plant 
height. Frey and Horner (11 ), using the standard unit method, found the 
heritability for heading dates in 22 oat crosses to be 62, 63, and 68% for 
the FZ-F3, F3-F4, F4-F5 comparisons, respectively. 
Weibel (29), working with wheat, found heritability percentages of 50, 
8, and 45 for plant height, yield, and kernel weight, respectively. In 
barley, heritabilities of 92% for heading date, 75% for plant height, 50% 
for yield, and 38% for kernel weight were obtained by Fiuzat and Atkins 
(7), and Frey (8) found a mean heritability of 76% for heading date. Gra-
fius et al. (16) reported heritability percentages for yield of 9 and 35 for 
the FZ and F3 generations, respectively. Heritabilities of 39% for yield, 
42% for plant height, and 93%for heading date in barley were reported by 
Frey and Horner (10), whereas Jogi (1 8) found heritability values of 62, 
67, and 93% for these characters, respectively. 
MATERIALS AND METHODS 
The materials for this study were 20 oat crosses involving 22 parental 
sources of germ plasm from Avena sativa and A, byzantina. In 1953, 
150 FZ seeds (from one Fl plant) from each cross were space-planted in 
the field at Ames, Iowa, and the remnant of the second-generation seeds 
was placed in cold storage. Frorn each cross 75 randomly selected FZ
plants were harvested and threshed separately. Each line arising from 
an Fy plant was carried in bulk for 2 subsequent generations: .the F3 and 
F4 generations were grown one line per 2-foot row at Ames in 1954 and 
1955, respectively. 
For this study, conducted in 1956, each cross was represented by a 
random sample of 75 plants from the Fz remnant, and one plant.. from 
each of the 75 F2 derived lines, then in the F5 generation. To provide an 
estimate of environmental variance, 45 and 30 seeds of Clintland and 
Mo. 0-205 varieties, respectively, were sown with each cross. 
A plot was one row containing 15 single-plant hills from the same 
generation spaced 1 foot apart. The 15 plots per cross, 5 each from the 
FZ, F5, and pure-line varieties, were sown in a completely randomized 
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experiment measuring 15 x 15 feet. Border effects were eliminated by 
discarding the end plants of each plot and growing guard rows on both 
sides of an experiment area. 
The data recorded for all ZO crosses were plant height in inches and 
yield of grain in grams per plant. In addition heading date (date when 
the first head on a plant was completely emerged and kernel weight 
were determined for 10 crosses. 
The mean variance of the varieties, used as an estimate of environ-
mental variance, was subtracted from the phenotypic variance for each 
generation to determine the genotypic variance. This type of subdivision 
involved the following assumptions: (Z~ no epistasis, (b) no linkage, 
(c~ normal diploid meiosis, (d) a gene frequency of 0.5 for segregating 
loci, (e) no multiple alleles, (f) no genotype x environment interactions, 
and (g) random selection. Assumptions c, d, e, and g were probably 
more completely fulfilled than were a, b, and f. 
By using formulas derived by Grafius (15) and Horner et al. (17) for 
the genetic model entitled "additive model with dominance," it was pos-
sible to obtain coefficients of additive (D~ and dominance (H) gene action. 
The F2 and F5 genotypic variances were equated to their respective D 
and H components as follows: 
I. 
~gF.a 
= . 5000 D + .2500 H 
II. v Z = .9375 D + .0586 H 
gFs 
By solving the equations simultaneously estimates of D and H were ob-
H 
r 
twined. The average degree of dominance was calculated as 
\D/ 
~. 
Heritability percentages were calculated in the broad sense for the Fz
and F5 generations and in the narrow sense for the FZ, F5, and infinite 
generations. The heritability percentages for the infinite generation 
were calculated from formula III. 
III. Heritability per cent =  D 
D +error 
The denominator represented the theoretical phenotypic variance of the 
infinite generation assuming that (a~the environmental variance remained 
constant, (b) with continuous selfing the dominance variance disappeared, 
and (c) with each successive generation the additive genetic variance 
increased one-half of the increase in the previous generation. The broad 
heritabilities were obtained by dividing the total genotypic variance for a 
given generation by the total phenotypic variance. The narrow herita-
bility percentages were determined by dividing the additive genetic by 
the phenotypic variance. 
EXPERIMENTAL RESULTS 
Dominance degree 
The mean degree of dominance for grain yield (Table 1 ~ indicated 
extreme overdominance. In 13 of the crosses the dominance degree was 
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Table 1. Average degree of dominance for 4 characters in oat crosses. 
Character 
Number Average 
of degree of 
crosses dominance 
Heading date 10 0.47 
Plant height 20 0.91 
Kernel weight 10 1.43 
Grain yield 20 2.45 
1.0 or greater. Studies by Gardner et al. (14) and Robinson et al. (25) 
orx yield of corn also showed overdominance if repulsion linkages were 
absent. Overdominance was indicated for weight per 100 seeds, whereas 
the dominance degree for plant height and heading date were only partial. 
Of speculative interest is the possible contribution of geometric epis-
tasis (9) to the magnitude of degree of dominance. Heading date, which 
was a sum of 2 intervals, from planting until floral initiation and from 
floral initiation to heading date, showed incomplete dominance; plant 
height, which was a product of 2 measurements, the number of inter -
nodes and the mean length per internode, showed nearly complete domi-
nance; kernel weight, which was a cubic function of width, length, and 
density, showed overdominance; and grain yield, which was a product of 
number of heads per plant, number of seeds per head, and kernel weight 
displayed extreme overdominance. Frey (9) pointed out the importance 
of geometric epistasis to the case of overdominance where the F1 hybrid 
yielded several hundred per cent more than either parent. Genotype x 
environment interaction can also be interpreted as overdominance. A 
genotype x environment interaction larger in the FZ than in the F5 could 
be responsible for indicating overdominance and negative adflitive vari-
ances, and conversely, a larger F5 interaction could cause negative 
dorriinance variances and underestimates of the degree of dominance. 
Degree of dominance estimates do not relate the direction of domi-
nance, i.e., whether negative or positive, but must be obtained by grow-
ing the parents with each cross. Other studies give some indication of 
the direction of dominance for the characters studied. Sappenfield (26) 
found earliness to be dominant, and height and yield of the F1's were 
greater than the midpoint between the parents in studies by Coffman and 
Stephens (4). Wallace et al. (27) found the FZ means for plant height, 
seed weight, and yield significantly greater than the midpoint of the 
parents. 
Heritability
Frey e_t al. (12) explained that with successive generations of selfing 
narrow and broad heritability percentages should approach the same 
value. This conclusion can be substantiated in 2 ways: (a) relationship of 
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Table 2. Narrow and broad mean heritability percentages for the Fz, F5, 
and infinite generations of oat crosses. 
No. of FZ generation F5 generation  Infinite 
Character crosses Broad Narrow Broad Narrow generation 
Heading date 10 60 56 70 69 71 
Plant height 20 56 44 64 60 64 
Kernel weight 10 52 38 55 49 52 
Grain yield 20 41 11 30 22 25 
mean heritability percentages, and (b) the correlations between narrow 
and broad heritability percentages in the Fz and F 5 . In all cases, the 
mean broad and narrow heritability percentages were in closer agree-
ment in the F5 than in the Fz generation (Table 2) as a result of the 
reduction in the contribution of nonadditive gene action inherent with 
selfing. 
The correlations between the F 5 broad and narrow heritability per-
centages were high for all 4 characters, whereas similar relationships 
in the FZ were lower and some were negative (Table 3). Both the mean 
heritability percentages and the correlations indicate that the narrow and 
broad heritability percentages approach the same value with successive 
generations of selfing. The broad heritability percentages for the F2
and F5 were in close agreement except for kernel weight. 
The method used to estimate narrowheritability percentages required 
growing 2 segregating generations simultaneously, a procedure not 
practical in a breeding program. However, the data for calculating 
broad fertility percentages could be obtained easily from a practical 
breeding program and used to estimate the potential of a cross. In order 
to test the validity of broad heritability percentages they we re correlated 
with the infinite generation heritabilities which should represent the 
maximum attainable values. The correlations between FZ broad and 
infinite-generation heritability percentages ranged from -0.07 to 0. b4, 
whereas those between F5 broad and infinite-generation heritabilities 
were all +0.95 or higher, indicating that the F5 values would be nearly 
as reliable as the highest heritability percentages attainable. 
Expected genetic advance 
The magnitude of genetic advance from selection for a character in a 
cross ~is determined by two factors: (a) amount of genetic variability 
present, and (b) the heritability of the character, Even if the heritability 
was high, little progress could be made for selection unless considerable 
genetic variability was present. In other words the magnitude of genetic 
advance might be equal by selecting in a cross which exhibited low heri-
tability and high genetic variability and in one with high heritability and 
low genetic variability. The expected genetic advances from selecting 
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Table 3. Correlations between the heritability percentages of the FZ, F5, 











Broad Ft and infinite 0. 94'~'~ 0.64~~ -0.07 0.45~~ 
Broad F5 and infinite 1.00'~'~ 0.96~~ 0. 97~~ 0. 95~~ 
Broad FZ and F5 0. 95'~~ 0. 80~~ 0.14 0. 64~~ 
Broad and narrow FZ 0. 68~~ -0.02 -0.69 0.04 
Broad and narrow F 5 0.99~~ 0.82~~ 0.90~~ 0. 91~~ 
the plants which exceeded the population mean by 2.06 times the standard 
deviation were calculated by using the following formula (19): 
Expected genetic advance = 2.06 (genetic coefficient of 
variability x square root of heritability). 
The values obtained with the formula are expressed in percent of the 
population means and represent the genetic advance expected from one 
cycle of selection (Table 4). The expected gains for yield, the character 
with the lowest heritability, were 9. 7 and 21.8%, in the FZ and F5, re-
spectively, while in contrast, the corresponding gains for heading date, 
a highly heritable character, were only 4. 1 and 6. 2%, respectively. The 
contrast between these two characters exemplifies the importance of both 
heritability percentage and genetic variability in the genetic advance 
attainable through selection. The use of heritability values alone to 
determine the generation in which to select for a character or to estimate 
the value of a cross would be questionable. 
The expected genetic advance for yield ranged from 0 to 30% among 
crosses in the F2 and from 0 to 60% in the F5 . Values of 40 to 50% do not 
seem plausible in light of experience. Wallace et a_l. (27) predicted yield 
gains of 15% of the mean from selection of oat plants in the Fy. 
For each character the mean expected gain was higher in the F 5 than 
in the F Z for 2 reasons: (a) heritability percentages increased between 
the Fz and F 5 (Table 3) and (b) segregation between the FZ and F 5 genera-
tions resulted in greater genetic variability in the latter generation. 
DISCUSSION 
Agronomic characters of economic importance are often subject to 
large "nonfixable" variations from environment and nonadditive gene 
action because they are complexly inherited. Permanent gain in a quan-
titative character from selection is inversely related to the extent of 
influence of nonfixable variation. 
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Table 4. Mean expected genetic advance (in percent of the character 






Expected genetic advance 
from selection in: 
Fz F5
Heading date 10 4. 1 6.2 
Plant height 20 7. 8 12. 8 
Kernel weight 10 9. 7 15.0 
Grain yield 20 9. 7 21.8 
Nonadditive gene action is due to dominance and epistasis, but the 
model used in this study disregarded the latter type. As suggested 
by Horner et al. (17~ failure to take epistasis into consideration may 
cause an upward bias of the additive and dominance variance estimates . 
Another source of bias was the genotype x environment interactions. 
Wallace e_t a_l. (27~ and Johnson e_t al. (19), respectively, found large 
genotype x location and genotype x year interactions for oats and soy-
beans. 
For certain characters plants selected in spaced plantings would not 
produce the same expression that they would in competitive stands. 
Therefore, inferences on the basis of data collected from spaced plants 
would not necessarily be corroborated in subsequent progeny tests. For 
example, number of tillers per plant is highly correlated with yield in 
spaced plantings (7~, but in a solid stand these two characters are vir-
tually uncorrelated. 3 Consequently, a high tillering and thus highyielding 
spaced plant might produce a progeny of nominal yielding ability when 
grown in solid stand. Increased competition would influence heading date, 
plant height, and kernel weight less than it would yield; so data obtained 
from spaced plants for the first 3 characters might be applicable in solicl-
planted materials. 
The dominance estimates obtained were simil~.r to those reported by 
Gardner et al. (14) for corn, with the highest values being obtained for 
yield and its components. Since the frequency of the heterozygous phase 
of a locus in an oat population decreases by one-half with each successive 
gene ration due to selfing, any value from dominance is soon lost. There-
fore, if 'a character exhibited considerable dominance variance, as was 
the case for yield, selection in the F2 would not -give as much permanent 
gain as expected, which fact suggested the desirability of postponing 
selection for yield until later generations. Such a procedure, however, 
would incur the carrying of large numbers of unprofitable progenies. 
3 Unpublished, data from the Iowa Agricultural Experiment Station. 
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Deferring the selection until the F5 would increase the expected genetic 
gains by approximately 150, 150, 160, and 200% for heading date, height, 
kernel weight, and yield, respectively. These data support the use of 
the bulk breeding method, which permits carrying a large number of 
crosses into the later generations economically. 
SUMMARY 
Data from plants of 2 oat varieties and the FZ and F5 generations of 
20 oat crosses were used to calculate broad and narrow heritability per-
centages, the average degrees of dominance, and the expected genetic 
advances from selection for heading date, plant height, kernel weight, 
and yield. 
The average degree of dominance for heading date was 0.47; for plant 
height, 0.91 ; for kernel weight, 1 .43; and for yield, 2.45. The average 
heritability percentages were highest for heading date and plant height 
and lowest for yield. The correlations between Fg broad and infinite -
generation heritability percentages ranged from 0.95 to 1 .00 for the 4 
characters. 
Estimates of genetic advance from selection indicated that sizeable 
gains could be expected from selection in the F2 generation for any of 
the 4 characters. However, selection efficiency was increased consid-
erably by delaying selection until the F5. 
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THE EFFECT OF PLASTIC MULCH ON THE 
MICRO-CLIMATE AND PLANT DEVELOPMENT)
Leo J. Fritschen and R.H. Shawl
Soil mulches of leaves, straw, and sawdust have long been used for 
weed control andmoisture conservation on horticultural crops. Recently, 
increased yields and early maturity of various crops have been reported 
when plastic films were used as the mulch (2, 3, 5, 12~. Very limited 
research has been conducted on the effect that these plastic films have 
on the micro-climate. Most of the micro-climatic research has been 
limited to soil temperature measurements (l, 8, 12). The soil tempera-
ture data which appear in the literature are for selected days and may 
not be representative of the complete growing season. These data usually 
were obtained from small plots without crops growing on them and may 
not be representative of conditions under actual crop growth. 
The effect that plastic films have upon the energy budget has also 
received only limited attention. Energymeasurements have been limited 
because of the cost of obtaining a continuous record and the lack of in-
struments available for measuring it. The recent development of small 
inexpensive net radiometers has made the study of energy relations on a 
field basis possible. 
An experiment, which was primarily designed to measure the evapo-
transpiration components of corn on a field basis, was also designed to 
measure the effect of black plastic film upon the micro -climate and plant 
growth. Measurements of the micro-climate were limited to soil and 
air temperatures and net radiation. 
MATERIALS AND METHODS 
The design of the experiment was a randomized complete block with 
two treatments and two replicates. The two treatments were: (1) corn 
growing under natural conditions; and (2~ corn growing through a 6-mil 
plastic film (Vis-Queen) which covered the ground. These two treat-
ments will be referred to as natural plots and plastic covered plots, 
respectively. Each of the plots was 40 feet square. The experimental 
area was planted to corn (Iowa Hybrid 4570 on May 15, 1959. The corn 
was planted in 40-inch hills at the rate of four plants per hill, or ap-
proximately 15, 682 plants per acre. 
A high soil moisture content was maintained on the two treatments by 
1 Journal Paper No. J-3866 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1359. This work was 
partially supported by U.S. Weather Bureau Contract 9295. 
Z Research Associate in Agricultural Climatology, and Professor of 
Agricultural Climatology, respectively, Agronomy Department, Iowa 
State University, Ames, Iowa. 
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means of supplemental irrigation. The soil moisture content (4-foot 
profile) in the plastic covered plots was above 60% available 94% of the 
time, while the soil moisture content in the natural plots was above 60% 
available 97% of the time . 
Soil and air temperatures and net radiation were measured in one 
plot of each treatment of the experiment. The measurements of soil 
and air temperatures and net radiation were replicated three times 
within these plots with the exception of the standard screen height and 
the crop surface height air temperatures which were not replicated be-
cause the instrument location was not considered as critical. 
Soil and air temperatures were recorded hourlyon a multipoint Brown 
strip chart potentiometer using copper constantan thermocouples from 
June 11 to September 9, 1959. Soil temperatures were measured at 
6 mm and at 10 crn below the surface. Air temperature was measured 
at 5 cm, 30 cm, standard screen height, and crop surface height. Both 
soil and air temperature sensing elements were constructed similar to 
those described by Portman (10 and 11). The thermocouples located in 
the air temperature sensing elements were shielded from solar and ter-
restrial radiation. 
Net radiation was measured 1 m above the crop surface and 6 inches 
above the soil or plastic surface within each treatment with 12 miniature 
net radiometers, Model II, which were constructed similar to Model 1 
and Model III described by Fritschen and van Wijk (7) and Fritschen (6). 
The output from each of the 12 miniature net radiometers was recorded 
fora 2-minute period every 30 minutes on a single pen Brown strip chart 
potentiometer. These recordings were made continuously from June 11 
to September 9, 1959. 
RESULTS AND DISCUSSION 
Temperatures 
To illustrate the effect of the plastic film on the soil and air tempera-
tures, the hourly temperatures were averaged for 5-day periods. The 
5-day averages of hourly temperatures in the plastic plots were plotted 
for the period June 1 1 to September 9, 1959 and were analyzed by draw-
ing isotherms. Thus the isotherms (Figs. 1-4) show diurnal and seasonal 
temperatures (soil and air) observed in the plastic covered plots. The 
shading in these figures, represents the temperature differences which 
occurred between the plastic covered and the natural plots. This tem-
perature difference is positive when the temperature in the plastic cov-
ered plot is the greatest. The diurnal and seasonal temperatures (soil 
and air)for the natural plots can be estimated by subtracting the observed 
treatment difference from the isotherms presented. For example, the 
10-cm soil temperature in the plastic covered plot was 95° at 1900' for 
the period June 16-20 (Fig. 1). The shading indicated a 11-15° treat-
ment difference. The soil temperature in the natural plots was between 
80 and 84°; it actually was 84° at this time. 
The hours of the day are numbered consecutively from 0000 to 2300 
with midnight represented by 0000. Thus 1900 is 7.00 p. m. 
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Figure 1. Diurnal and seasonal 10-cm soil temperatures for the plastic 
covered plots and the temperature difference between treat-
ments. 
Soil temperatures 
The soil temperatures observed at the 10-cm depth are shown in 
Fig. 1. The greatest range of diurnal 10-cm soil temperature occurred 
during June when the corn was small and did not greatly shade the ground. 
In general, the 5-day average diurnal temperature ranges were 1 to 6° 
greater in the natural plots than in the plastic covered plots. 
The daily maximum temperatures, at the 10-cm depth, usually oc-
curred at 1900 in the plastic covered plots and 1700 in the natural plots. 
The general time of occurrence of these maxima did not change during 
the period reported. The daily minimum temperatures, occurred at 
0600 during June, at 0700 during July, at 0800 duringAugust and Septem-
ber in the plastic covered plots. In the natural plots the daily minimum 
soil temperatures occurred at 0400 during June, at 0700 during July, 
0800 during August and 0600 during September. 
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Figure 2. Diurnal and seasonal 6-mm soil temperatures for the plastic 
covered plots and the temperature difference between treat-
ments . 
The greatest temperature difference between the treatments occurred 
at night during early June (see shaded area, Fig. 1). In general, the 
difference in soil temperatures was less than 5° during July and August, 
and increased to less than 10 ° during September. The 10-cm soil tem-
peratures were always greater in the plastic covered plots. The average 
seasonal temperature was 78, 2 ° in the plastic covered plots and 74.0° in 
the natural plots. 
The 6-mm soil tempe ratures are shown in Fig. 2. The diurnal tem-
perature ranges, at the 6-mm depth, appeared to be correlated with the 
net radiation measured 6 inches above the surface. The following re-
gression equations were computed for the natural and plastic covered 
plots, respectively: 
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Y = 9.720 1nX 
Y~ 
= 6.645 1nX 
- 24.602, r = .90~~, 
- 14.674, r = . 81 ~~, 
where 
Y~ 
is the estimated diurnal temperature range .and X is the net 
radiation measured 6 inches above the surface. The correlation in the 
plastic covered plots was not as high as the natural plots because the 
plastic tends to dampen the diurnal range by causing a heat build-up 
under the plastic. 
As one would expect, the daily maximum and minimum soil tempera-
tures occurred earlier at the 6-mm depth than at the 10-cm depth in both 
treatments. The 6-mm maximum daily soil temperature generally 
occurred at 1600 to 1700 during June and at 1400 during the rest of the 
season in the plastic covered plots. In the natural plots, the daily 
maximum temperatures occurred at 1500 during June and at 1300 during 
the rest of the season. The 6-mrn minimum daily soil temperatures 
occurred at 0500 hours, in both treatments, throughout the season. 
The greatest treatment temperature differences were noted at night 
during the early and late portion of the growing season (see shaded area, 
Fig.2~. Here again, the plastic covered treatment had the highest soil 
temperatures. The smallest treatment temperature differences were 
observed during the midday hours. At this time, the soil temperature 
differences fluctuated around zero depending upon the synoptic situation. 
The treatment temperature differences, based on 24-hour averages, 
ranged from 4 to 10° throughout the season. 
The soil temperature treatment differences may be explained by 
examining the effects of the plastic film. Black plastic film is not trans-
parent to radiation. Therefore, the energy which passes through the 
film must be absorbed by one surface, conducted through the film, and 
reradiated at the other surface. When the plastic film is placed on the 
ground so that the air movement underneath is restricted, a film of 
moisture condenses on the lower side of the plastic. The condensed 
moisture layer and the plastic film acting as a greenhouse, effectively 
trap long wave terrestrial radiation. The color of the plastic film, the 
"greenhouse effect," and the absence of evaporation from the plastic 
surface are the causes of the treatment temperature differences. 
A review of the literature concerning the effect plastic films have on 
soil temperatures has revealed some contradictory statements which, 
for the most part, can be resolved by considering the moisture content 
of the soil surface. Honma et al. (8~, reporting mean soil temperatures 
for 15 sunny days, 3 inches below the surface of exposed and black plas-
tic covered mineral soils, indicated a maximum temperature of 77° in 
the exposed soil and 76° in the black plastic covered soil. However, 
the moisture content of the soil was not disclosed. In a study of seed 
germination, Army and Hudspeth (1) reported soil temperatures and soil 
moisture content. Their data (Table 1) indicate a treatment temperature 
difference of 3 to 7 ° . These temperature differences were inversely 
related to the treatment soil moisture differences; that is, the smaller 
temperature difference was associated with the greater moisture differ-
ence or the drier check. 
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Table 1. Average soil temperatures and soil moisture contents for the 
0 to 
a
-inch layer. (Data after Army and Hudspeth 
July 30-Aug. 6 Sept. 24-Oct. 1 
Plastics Check Plastics Check 
Maximum soil temperature 110 107 76 69 
Percent moisture content 19.0 3.3 19.0 8.9 
s Black plastic film 
Willis (12) conducted an experiment in which corn was grown through 
various plastic films 36 inches wide. His data, Table 2, clearly indicate 
the effect of soil moisture content upon the treatment temperature dif-
ferences. The soil temperatures under the black polyethylene, at the 
4-inch depth, were warmer than the bare soil if the surface of the bare 
soil was moist. This agrees with the soil temperature data presented in 
this paper since a high soil moisture content was maintained throughout 
the experiment. The data of Willis also show the effect of other plastic 
films. Clear and white plastic film were not used in this experiment; 
but in 1957, temperatures over 130`"F were measured immediately be-
neath aclear plastic film. These temperatures were fatal to about 50% 
of the corn seedlings. 
Table 2. Average soil temperature, °F, 4-inch depth, 4 pm, as affected 
by differently colored polyethylene film. (Data after Willis 
May June July August 
Treatment 10 12 17 31 20 27 8 19 
Clear polyethylene film 79.8 73.1 84.9 81.0 86.8 85.6 80.6 86.0 
White polyethylene film 68.2 64.7 74.8 72.8 78.6 82.8 78.4 82.9 
Black polyethylene film 70.0 65.9 74.6 74.2 82.7 84.1 78.7 84. 6 
Bare soil 67.2 62.2 75.6 72.3 81.7 84.5 79.3 86.2 
Surface soil conditions wet wet dry wet moist dry dry dry 
s Estimated by authors from rainfall data 
Air temperatures 
The air temperatures at 5 cm (see Figure 3), are more variable than 
the 6-mm soil temperatures. 
The times of occurrence of the daily maximum air temperatures were 
the same for both treatments, and were similar to the occurrence of the 
6-mm soil temperatures (1500 to 1600 in June and 1300 to 1400 in July, 
August, and September. The 5-cm minimum air temperatures occurred 
about 0400 hours throughout the season in both treatments. 
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Figure 3. Diurnal and seasonal 5-cm air temperatures for the plastic 
covered plots and the temperature differences between treat-
ments. 
The 5-cm air temperatures in the plastic covered plots were gener-
ally warmer, during the daylight hour s, than the 5-cm air temperatures 
in the natural plots (see shaded area, Fig. 3). The greatest treatment 
differences occurred at midday in late August and early September, and 
were 3 to 5 ° . The rest of the tempe rature differences were 1 to 2° . 
The air temperatures at the crop surface height are presented in 
Fig. 4. The occurrences of the daily maximum and minimum tempera-
tures, at the crop surface height, were similar to the occurrences at 
the 5-cm height, but were generally cooler than the temperatures at the 
5-cm height. 
Practically all of the treatment temperature differences (shaded area s, 
Fig. 4) at the crop surface height, were 1° or less. These differences 
do not appear to be a direct result of the treatments, but partially round-
ing differences in computing the 5-day averages. 
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Figure 4. Diurnal and seasonal crop surface temperatures for theplastic 
covered plots and the temperature difference between treat-
ment s , 
The air temperatures, in both treatments, at the 30-cm height and 
the standard screen height (within the crop cover were similar to the air 
temperatures at the 5-cm and the crop surface height. Generally, the 
air temperatures decreased with increasing height. 
The effect of the treatments is different for the air and soil tempera-
tures. Generally, the greatest soil temperature treatment differences 
were observed during the night, while the greatest air temperature treat-
ment differences were observed during the daylight hours. The air 
temperature treatment differences may be explained by the fact that some 
of the energy which passes through the plant canopy, in the natural plots, 
is used in evaporation of soil moisture. This is not the case in the plas-
tic covered plots; more of the energy is used for heating the air. Neither 
treatment seemed to have much effect on the nighttime temperatures. 
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The air temperature treatment differences were very small and were 
usually less than 1° when the daily temperature averages were computed. 
In general, the treatments, although having a large effect on soil tem-
peratures, had very little effect on the air temperatures. 
Radiation Trends 
Solar radiation and net radiation trends are shown in Fig. 5. Solar 
radiation, as measured by the Eppley pyrheliometer located on top of the 
Agronomy building at Iowa State University, generally decreased from 
June Z2 to September 10 as the sun moved farther south. The net radia-
tion, as measured by the miniature net radiometers located 1 m above 
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Figure 5. Three-day-running averages of solar radiation and net radia-
tion (1 m above the crop and 6 inches above the soil surface. 
6 inches above the soil or plastic surfaces, decreased as the corn grew 
taller. The peaks on the 6-inch net radiation curve of the natural plots 
coincides with the times when the soil surface was wet. Less net radia-
tion was measured 1 m above the crop in the plastic covered plots than 
in the natural plots. This difference in net radiation, measured 1 m 
above the crop, may be explained by the warmer soil temperatures in 
the plastic covered plots and by the surface roughness. The warmer 
soil temperatures and the consequently much warmer plastic tempera-
tures would produce more outgoing radiation, while the smoothness of 
the plastic may tend to reflect more incoming radiation. 
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Net radiation measured 1 m above the crop surface will be referred 
to as plant-soil energy and. net radiation measured 6 inches above the 
ground will be referred to as soil energy. The difference between these, 
or 
plant-soil energy - soil energy = plant energy. 
The soil energy is assumed to be used to heat the soil, to heat the air 
near the ground, and to evaporate water. The plant energy is assumed 
to be used in transpiration, photosynthesis, and heating the air. 
The natural plots received more plant energy than did the plastic 
covered plots. This difference in plant energy may be ascribed to the 
differences in soil temperatures, and soil or plastic roughness. The 
difference in available plant energy in the two treatments is quite great 
when integrated over a period of the whole season. The reduced plant 
energy in the plastic covered plots may decrease the water demands in 
the plants and thus reduce the stress upon the plants. 
The energy balance for both treatments may be altered with different 
plants, planting rates and soil moisture conditions. Army and Hudspeth 
(1~, working with noncropped 2-foot square plots, reported net radiation 
of 0.935 langleys over bare soil and 1.054 langleys over black plastic. 
These observations were made at 11:30 a.m. on May 29, under a cloud-




Two root samples were taken from each treatment. The root samples 
consistedof a north-south section of a hill of corn approximately 3 inches 
wide, 40 inches long and 36 inches deep. Unfortunately these root sam-
ples were not taken until in early December; consequently, most of the 
finer roots were lost by decomposition or breakage due to freezing and 
thawing. The corn on the plastic covered plots formed 3 to 4 rings of 
brace roots, while the corn in the natural plots formed 1 to 2 rings of 
brace roots. Most of the brace roots, in the plastic covered plots, 
formed above the plastic and did not penetrate it. 
The corn, in the natural plots, apparently developed a better root 
system, both borizontally and vertically, then the corn in the plastic 
covered plots. This better root system was developed even though the 
soil moisture content was greater in the natural plots than in the plastic 
covered plots. The difference in root development might be explained 
by examining the effect of temperature upon root development. Dickson 
(5) working with corn, reported that the largest root systems developed 
at soil temperatures of about 75°, irrespective of the age of the plant. 
The average seasonal soil temperature (at 10 cm~was 78.2° in the plastic 
covered plots and 74.0 ° in the natural plots. The soil temperatures in 
the plastic covered plots may have been enough above optimum to hinder 
root development; however, the soil temperatures in the natural plots 
apparently were closer to the optimum. 
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The plastic films were laid during the period from June 5 to June 9, 
1959. The corn on these plots suffered some injury as a result of sealing 
the plastic around each hill of corn, and required a few days to recover 
from this injury. After recovery date (i. e. June 15, 1959, Fig. b), the 
corn on the plastic covered plots grew more rapidly than did the corn on 
the natural plots (Fig. 6, June 15 to July 24). After July 24, the corn on 
the natural plots reached a greater height than the corn in the plastic 
covered plot. This greater height was stalk elongation. There was no 
difference in leaf area between the treatments at this stage. The corn 
on the plastic covered plots was more advanced physiologically - than the 
corn on the natural plots. This advancement was indicated by the 3-day 
difference in the 80% Bilking date (Fig. 6), and was also evident in visual 
appearance at maturity. It is interesting to note that the higher 6-mm 
soil temperature in the plastic covered plots, from June 5 (placement of 
the plastic until July 22 (80% Bilking date, is equivalent to 3.05 more 
mean natural plot days, which is the same as the difference in the 80% 
Bilking dates. That is, the corn on both treatments required the same 
number of mean zia.tural plot days to reach 80% Bilking. Willis (12) also 
reported earlier emergence, Bilking, and maturity of corn with increased 
soil temperatures. Emmert (4) and Carolus and Downes (2~ reported 
earlier maturity of melons, snap beans, tomatoes, and other crops grown 
through black plastic mulches. 
Yields 
The corn on the plastic covered plots produced more grain and dry 
matter than the corn on the natural plots. An equivalent of 123. 3 bushels 
of shelled corn and 12, 594 pounds of dry matter per acre were harvested 
in the plastic covered plots, while the natural plots produced 114 bushels 
of shelled corn and 11.459 pounds of dry matter per acre. Willis (12) 
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reported increased yields of corn with increased soil temperatures and 
that the growth of plants and the production of dry matter increased lin-
early with increasing soil temperatures for the range tested (60° to 70°). 
He also stated that there were no differences in uptake of the nutrients, 
nitrogen, potassium or phosphorus, due to treatments. Higher yields on 
plastic covered plots have been reported by Emmert (4), Carolus and 
Downes (2), Clarkson and Frazier (3), and others. 
SUMMARY AND CONCLUSIONS 
An experiment was conducted at Ames, Iowa, during the summer of 
1959 to determine the effect of black plastic film (placed on the soil 
surface) upon the micro-climate and plant growth. Micro-climate meas-
urements consisted of soil temperatures, air temperatures, and net 
radiation. 
At the depths measured, the soil temperatures in the plastic covered 
plots were warmer and were subject to less fluctuation than the soil tem-
peratures in the natural plots. The greatest temperature differences 
occurred at night. 
The diurnal soil temperature ranges were greater in the natural plots. 
The diurnal temperature range in both treatments was nonlinearly cor-
related with net radiation (measured 6 inches above the soil or plastic 
surface). 
The daily maximum soil temperatures occurred approximately 2 hours 
earlier in the natural plots. The daily minimum soil temperatures 
occurred about the same time in both treatments. 
The air temperatures were more variable than the soil temperatures 
and tended to decrease with height. The air temperatures, at the lower 
levels, in the plastic covered plots tended to be warmer during the day-
light hours; but this was less than 1 ° when the 24-hour average was 
computed. 
The daily maximum and minimum air temperatures occurred at the 
same time in both treatments. 
In general, the treatments, although having a large effect on soil 
temperatures, had very little effect on the air temperatures. 
Less net radiation was measured 1 m above the crop and 6 inches 
above the ground in the plastic covered plots than in the natural plots. 
The difference between net radiation measured at these two levels (plant 
energy) was also less in the plastic covered plots. This reduced plant 
energy may reduce the demand for water by the corn in the plastic 
covered plots and thereby reduce plant stress. 
The corn in the plastic covered plots produced 3 to 4 rings of brace 
roots, while the corn in the natural plots produced 1 to 2 rings of brace 
roots. The corn in the natural plots apparently produced a better root 
system, both horizontally and vertically. 
The corn in the plastic covered plots grew more rapidly from June 15 
to July 24; however, the corn in the natural plots reached a greater 
height. There was no difference in l,e of area between the treatments at 
maximum height. 
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The corn in the plastic covered plots was more advanced physiologi-
cally than the corn in the natural plots as indicated by the difference in 
the 80% silking dates and visual appearance at maturity. 
The corn in the plastic covered plots produced more corn and dry 
matter than the corn in the natural plots. 
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CARBON DIOXIDE FIXATION BY THE 
GENUS MYCOBACTERIUM1
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Ames, Iowa 
That carbon dioxide may have an influence on the growth of the tuber-
cle bacillus was first indicated by Wherry and Ervin (1918). Historical 
studies suggest some role for carbon dioxide in the growth of Mycobac-
terium (Rockwell and Highberger, 1926; Masur, 1926; Davies, 1940: 
Schaefer e_t a_l., 1955). While carbon dioxide tension does influence 
certain physical factors affecting the cell, such as permeability of mem-
brane, or pH of the medium, these factors are probably of minor impor-
tancewhen compared to the obligatory utilization of carbon dioxide in the 
metabolism of the organism. 
The early studies, however, dealt with bactericidal and inhibitory 
action. Since 1935 when Wood and Werkman first proposed the concept 
of carbon dioxide utilization in heterotrophic metabolism, the effect of 
carbon dioxide has been studied in connection with the metabolism. 
The Wood-Werkman reaction was intended to represent an over-all 
reaction and details were expected to be added. Kalnitsky and Werkman 
(1944) while considering the energy requirements of the reaction postu-
lated that phosphorylation of intermediates would be shown to occur. It 
has become clear that phosphoenolpyruvate is the carbon dioxide acceptor 
in two distinct reactions for the fixation of carbon dioxide to form oxal-
acetate. One is catalyzed by phosphoenolpyruvic carboxylase (Bandurski 
and Greiner, 1953), and the other is catalyzed by oxalacetic carboxylase 
(Utter and Kurahashi, 1953). These enzymes catalyze the following 
reactions respectively: 
Phosphoenolpyruvate + CO2 —► Oxalacetate +Orthophosphate 
Phosphoenolpyruvate + CO2 + IDP ~ Oxalacetate + ITP 
(1) 
(Z) 
The present investigation was undertaken to determine the presence 
and function of these enzyme systems in an acid-fast organism, Myco-
bacterium phlei.
1 Supported in part by a grant of the Department of Health, Education, 
and Welfare, Public Health Service. 
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METHODS AND MATERIALS 
Reagents 
All reagents were commercial preparations: Oxalacetic acid (OAA} 
and phosphoenolpyruvate (tricyclohexylamine salt) (PEP), California 
Foundation for Biochemical Research; sodium inosine di- and triphos-
phate (IDP and ITP), sodium adenosine di- and triphosphate (ADP and 
ATP), sodium uridine di- and triphosphate (UDP and UTP), sodium 
cytidine di- and triphosphate (CDP and CTP), sodium guano sine di- and 
triphosphate (GDP and GTP), Pabst Laboratories; BaC140 3, Oak Ridge 
National Laboratory; reduced glutathione (GSH), Nutritional Biochemicals 
Corporation. 
Preparation of Cell-Free Extracts 
Mycobacterium phlei ATCC 10142 was grown in a modified Dubos' 
medium which contained 1% glucose and no CuSO4 for 48 hours at 37°C. 
The culture was vigorously aerated by a stream of air sterilized by 
passage through a sterile cotton filter. The cells were harvested by 
centrifugation, washed twice with distilled water, and 5 grams, wet 
weight, of the cells were suspended in 35 ml of 0. 2 M tris buffer. Then 
a small amount of Alcoa Alumina A 301 was added. The suspension thus 
obtained was subjected to sonic treatment in a Raytheon 9 kc. sonic 
oscillator at 4°C for 25 minutes. Debris was removed by centrifugation 
at 18,000 rpm for 25 minutes in an International refrigerated centrifuge. 
The cell-free extracts thus obtained were subjected to dialysis. Dialysis 
was carried out in a cellophane bag against 500 ml of 0. 002 M tris buffer 
of pH 7.4. The buffer was stirred constantly by a magnetic stirrer and 
frequently changed. In a previous report (Baugh e_t al. , 1959) an absolute 
requirement for a divalent metal ion for fixation was demonstrated. An 
absolute requirement for a nucleotide for the exchange reaction between 
oxalacetate and NaHC140 3 was demonstrated. Therefore the dialysis was 
continued until the extract showed no fixation without an additional metal 
ion and no exchange reaction without an addition of a nucleotide. This 
dialysis usually takes at least 60 hours. The expression "no endogenous" 
in the following tables or figures indicates no divalent metal ions, no 
nucleotides, and no residual substrate in the extract employed. The 
cell-free extracts were kept frozen (-20°C). 
Preparation of NaHC140 3 
Radioactive bicarbonate was obtained by trapping C140y (liberated 
from BaC140 3 by 10%perchloric acid)in 0.05 NaOH solution in an evacu-
ated system. 
Assay of radioactivity 
Radioactivity was measured with a lead-shielded end-window (mica) 
Geiger-Moller tube (Tracerlab type TGC2) having a window thickness of 
1 . 8 mg per cmZ. Counts were corrected for background and expressed 
as counts per minute (c~m). The counting time was selected so as to 
make the standard deviation within 5% of the net count. 
In a previous report (Baugh et al., 1959) it was found that the final 
product of the fixation was oxalacetate having the radioactive carbon in 
G,4flBONDfO~~EFI~~T10~ 4 
its (3-carboxyl group. Therefore in this investigation an aliquot of the 
reaction mixture was placed on a glass pl~nchet and the activity fixed 
was counted. 
Kodak No-screen medical X-ray film was used to locate radioactive 
compounds isolated by paper chromatography and paper electrophoresis. 
Determination of Protein 
The biuret method of Gornall e_t al. (1949) was used to determine the 
protein content of the cell-free extracts. An interference of tris buffer 
was minimized by the analysis of the separated protein precipitate as 
described by Robinson and Hogden (1940). 
EXPERIMENTAL 
Reactions were carried out in Warburg flasks with two side arms, 
under an atmosphere of nitrogen. The main chamber contained the sub-
strate, buffer, and any additional cofactors or nucleotides. In case of 
the exchange reaction, the substrate (oxalacetate) was usually placed in 
a separate side arm because of its instability. The contents of the side 
arms were tipped into the main chamber after replacement of the gas 
phase and temperature equilibration at 31 °C. - The reactions were stopped 
after a selected period of time by the addition of trichloroacetic acid. 
Proteins precipitated were centrifuged down. An aliquot of supernatant 
was placed on a glas s planchet for the determination of radioactivity 
fixed. 
Liberation of inorganic phosphate. Although an attempt has been made 
to determine the liberation of inorganic phosphate (reaction 1) it could 
not be shown because of the minute amount produced. 
Requirement of divalent metal ion. In a previous paper (Baugh et al., 
1959) an absolute requirement for divalent metal ion was demonstrated. 
It was found that Mg++, Mn++, or Co++ can fulfill the requirement. 
Specificity of nucleotides. The reversible fixation of carbon dioxide 
(reaction 2) requires inosine polyphosphate as a phosphate acceptor or 
donor. Attempts were made to determine the effect of other nucleotides 
on the fixation. The results are summarized in Tables 1 and 2. 
As shown in Tables 1 and Z ino sine - and guanosine -polyphosphate have 
a great effect on the fixation and the exchange reaction, especially the 
latter compound. The effect of the other nucleotides seems to vary with 
metal ions present and with extracts. In some cases the rate of the 
exchange reaction was greater with ATP than with ITP or GTP. The 
reason is not known. Results of the nucleotide -independent fixation with 
magnesium ions (Table 1, No. 7) are not in agreement with the results 
reported previously (Baugh et al. , 1959). The difference is thought to 
be due to the freshness of the extracts. The fresh extracts may fix 
carbon dioxide in the presence of magnesium ions. Although the crude 
extracts kept the ability to fix carbon dioxide for some time (a few 
months), the manganese -fractionated extracts and well-dialyzed extracts 
gradually lose their enzymatic activity. It is also noticed in some cases 
that the addition of nucleotide does not increase the rate of fixation even 
with freshlyprepared extracts, unless reducedglutathione (GSH)is added. 
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Table 1. Effect of various nucleotides on the fixationa . 
The reactions were carried out at 31 °C for an hour. Two-tenths 
ml of 50% trichloroacetic acid (TCA) was added to the reaction 
mixture to stop the reaction. Gas phase: 100% NZ . 
No. Ion Nucleotide Activity fixed~c~m`100 µl. ) 
1 MnCIZ Non e 376b 620c
2 " IDP 894 1244 
3 UDP 248 566 
4 CDP 224 392 
5 ADP 232 226 
6 GDP 1104 2438 
7 MgCIZ None 246 44 
8 " IDP 528 156 
9 UDP 365 146 
10 CDP 40 52 
11 ADP 444 52 
12 GDP 682 264 
13 CoCh None 196 284 
14 " IDP 768 822 
15 UDP 5 74 718 
16 CDP 288 426 
17 ADP 366 418 
18 GDP 1094 1540 
a The basal system contained 100 Nznoles of tris buffer (pH 7.4), 
2 Nxnoles of PEP and 2. 5 Nxnoles of NaHC14O3 (1 x 10~ c/m). 
Two µmoles of nucleotide were used. The total volume was 2.0 ml. 
Five µmoles of Mg++ or Mn++ and 4 µmoles of Co++ were used, 
respectively. 
bThe results obtained from the addition of 0. 3 ml of 64-hour 
dialyzed extracts having no endogenous metabolism. 
cThe results obtained from the addition of 0. 3 ml of 67-hour 
dialyzed extracts (2.55 mg protein per ml) containing no 
endogenous metabolism. 
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Table 2. Effect of various nucleotides on the exchange reactiona . 
No. Ion Nucleotide Activity fixed (c~m~100 µl. ) 
1 MnClZ None 0 
2 't ITP 316 
3 " U TP 214 
4 CTP 82 
5 ATP 268 
6 GTP 1108 
7 MgClZ None 0 
8 " ITP 758 
q UTp 136 
10 CTP 32 
11 ATP 214 
12 GTP 1168 
13 CoCly None 0 
14 " ITP 18 
15 UTP 0 
16 CTP 14 
17 ATP 34 
18 GTP 88 
a 
The basal system was the same as in Table 1, except 3 µmoles 
of OAA instead of PEP were used. The extracts and ions were 
placed in a side arm together. Two µmoles of a nucleotide were 
used. The extracts used were 0. 3 ml of 67-hour dialyzed extract 
containing no endogenous and 2.55 mg protein content per ml. 
The other conditions were the same as in Table 1. 
This anomaly is thought to be due to the variation of efficiency of a Ray-
theon sonic oscillator and to dialysis. 
Effect of glutathione. Since the addition of reduced glutathione, in 
some cases, stimulates the fixation of carbon dioxide, the effect of gluta-
thione was determined. The results with 5 week old extracts are shown 
in Table 3. 
The stimulating effect of reduced glutathione was significant with 
the magnesium ion. Reduced glutathione appears to be required by the 
nucleotide -independent system with magnesium ion. The oxidized gluta-
thione did not stimulate the reactions. In the previous report (Baugh e_t 
al., 1959) it was concluded that magnesium ions cannot be substituted 
for manganese ions in the nucleotide -independent fixation, this could be 
due to the absence of reduced glutathione in the extracts. With either 
cobalt or manganese ions the addition of glutathione slightly inhibits the 
reactions. 
Table 4 shows the results with the extracts which have been kept in a 
freezer for one month and then dialyzed for 70 hours. 
The optimal concentration of glutathione varies with the extract and 
length of storage . 
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Table 3. The effect of reduced glutathione on the fixationa . 
No . Ion Addition 
Activity fixed 
(c/m/100 µl. 
1 MgC12 None 40 
2 " GSH 388 
3 GSH, IDP 1142 
4 IDP 918 
5 CoCIZ None 252 
6 " GSH 230 
7 GSH, IDP 1426 
8 IDP 1742 
9 MnClt None 360 
10 " GSH 354 
11 GSH, IDP 1518 
12 IDP 1738 
a 
The basal system contained 100 µmoles or tris buffer (pH 7.4~, 
3 µmoles of PEP, and 0. 3 ml of 64-hour dialyzed extracts. 
GSH added was 5 µmoles. IDP: 3 µmoles. The other conditions 
were the same as in Table 1. 
Table 4. Effect of reduced glutathione on the fixation and the exchange 
reactionsa. 
No. Ion Substrate Addition 
Activity fixed 
(c/m/100 µl. 
1 MnC12 PEP None 240 
2 n n GSH 228 
3 " GSH, IDP 1014 
4 " IDP 230 
5 MgC1Z " None 0 
6 ~~ ,~ GSH 124 
7 " GSH, IDP 638 
8 " IDP 0 
9 MnC1Z OAA ITP 570 
10 " " ITP, GSH 80 
11 MgC12 " ITP 182 
12 
n n ITP, GSH 274 
aTwo tenths of a ml of the extracts (3.2 mg protein/ml) were used. 
The other conditions were the same as in Table 3. 
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Optimal concentration of substrate. As shown in Figure 1, the fixation 
is proportional to the concentration of the substrate within a certain 
range. The rate of the fixation is doubled when the amount of the extract 
is doubled. When the extract was boiled for two minutes in a water bath 
the activity was lost completely. 
Optimal concentration of nucleotide. As shown in Figure Z, maximal 
fixation occurs when the ratio of phosphoenolpyruvate and nucleotide is 
equimolar. The rate of fixation fell off sharply when this ratio was less 
than one and more slowly when greater than one. 
Optimal concentration of NaHC140 3. Typical results are illustrated in 
Figure 3. Since the two enzyme systems have not been separated yet, 
the optimal concentration of NaHC140 3 for the nucleotide-dependent sys-
tem was plotted by subtracting the value of the nucleotide-independent 
fixation (Figure 3, C). Under the experimental conditions employed 
the maximal rate of fixation will be obtained with about 10 µmoles of 
NaHC140 3. 
Optimal duration of the reaction. The relationship between the fixa-
tion and the reaction period was determined. Under the conditions as 
shown in Figure 4, the reaction reaches its maximal point after 2 hours. 
Optimal pH. The pH optima for the fixation reactions, i.e. nucleotide-
independent and dependent and the exchange reaction are shown in Figure s 
5 and 6. It is of interest that the rate of fixation is very low when phos-
phate buffer is used. According to Tchen and Vennesland (1955) the rate 
of oxalacetate formation is stimulated by inorganic phosphate even though 
the stimulation is not completely reproducible quantitatively. The origi-
nal phosphoenolpyruvic carboxylase has a broad pH maximum over the 
interval pH 7.5 to 9.5 (Bandurski, 1955). The de carboxylation of oxal-
acetate in the presence of oxalacetic carboxylase is maximum at pH 6.4 
(Utter et a_l., 1954). The rate of fixation was also low with glycylglycine 
buffer. The glycylglycine buffer stimulates greatly the nonenzymatic 
decarboxylation of oxalacetic acid (Utter e_t a_1. , 1954). 
Specificity of substrate. With either malate or pyruvate as a sub-
strate the fixation could not be demonstrated in the presence of manga-
nese, magnesium or cobalt ions. The spectrophotometric determination 
also did not show the presence of malic dehydrogenase in the well-
dialyzed extract. 
DISCUSSION 
In a previous paper (Baugh et al. , 1959) evidence is given for the 
presence of (at least) two different reactions for the fixation of carbon 
dioxide into oxalacetate in cell-free extracts of M, phlei. One is an 
irreversible reaction similar to the one catalyzed by the enzyme phos-
phoenolpyruvate carboxylase and the other is a reversible nucleotide-
dependent reaction similar to the reaction catalyzed by the enzyme oxal-
acetic carboxylase. 
The present investigation was undertaken to determine more detailed 
properties of the reactions. 
The original phosphoenolpyruvic carboxylase obtained from spinach 
leaves requires magnesium ion and a reducing agent (Bandurski and 
Greiner, 1953), whereas that from wheat germ does not show the absolute 
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Figure 1. Optimal concentration of substrate. 
The basal system contained 100 µmoles of tris buffer (pH 7. 4), 
2. 5 µmole s of NaHC14O3 (1 x 10? c~m), 3 µmole s of IDP, 5 µmole s 
of MnC12, and 0. 1 ml of 67 -hour dialyzed extracts containing no 
endogenous. The protein content was 2.55 mg per ml. The 
concentration of PEP was varied. The other conditions were the 
same as in Table 1. 
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Figure 2. Optimal concentration of nucleotide. 
3 10 ml of 67-hour dialyzed extracts (Z. 55 mg protein~ml) 
were used. The other conditions were the same as in Figure 1 
except the PEP used was fixed to 3 µmoles and the concentration 
of IDP was varied. 
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Figure 3. Optimal concentration of NaHCY4O3. 
io 
The basal system contained 100 µmoles of tris buffer (pH 7.4), 
5 µmoles of IvinClz, 3 µmoles of PEP, and 0.3 ml of 67-hour 
dialyzed extracts (Z. 55 mg protein ~ml~. The concentration of 
NaHC14O3 was varied. 
p - C2 (A~: containing 3 µmoles of IDP 
x - x (B~: without IDP 
O - O (C): (A~ - (B) 
The other conditions were the same as in Figure 1. 
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Figure 4. The relationship between the fixation and reaction period. 
The system contained 100 µmoles of tris buffer (pH 7.4), 6 µmoles 
of PEP, 5 µmoles of MnC12, 5 µmoles of NaHC140 3 (Z x 107 c~m), 
and 0.2 ml of 67-hour dialyzed extracts. The reaction was stopped 
at indicated interval. 














Figure 5. pH optimum for nucleotide-independent anddependent fixations. 
Seventy µmoles of phosphate buffer were used for a pH range from 
6.0 to 7. 0. Tris buffer (70 µmoles was used between pH 7. 0 and 9. 0. 
x - x: Nucleotide -dependent system (containing 3 µmoles of IDP) 
- O: Nucleotide -independent system. 
Two-tenths ml of 67-hour dialyzed extracts were used. 
The other conditions were the same as in Figure 1. 














Figure 6, pH optimum for the exchange reaction. 
9 
The experimental conditions were the same as in Figure 5, except 
3 µmoles of OAA instead of PEP and ions indicated below. 
x - x: 5 µmoles of Mr~Cl Z
o - o : 5 µmole s of MgC1Z 
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requirement for magnesium ions and no requirement for the reducing 
agent is shown (Tchen and Vennesland, 1955). In the latter case manga-
nese can replace magnesium for the maximum activity. Although no 
absolute requirement for either manganese or magnesium was shown 
even after dialysis, the addition of EDTA (ethylenediamine tetraacetic 
acid) inhibited the reaction completely in the absence of .added ion. This 
inhibition can be reversed by adding an excess of magnesium or manga-
nese ions indicating the necessity of a divalent metal ion. They used not 
only the isotopic method but the spectrophotometric method. With the 
extract of M. phlei it is impossible to determine the mechanism by any 
other method than the isotopic method because of the small amount of 
fixation. The present study showed that the effect of the divalent meta! 
ion varies with the freshness of the extract and with the length of dialysis. 
Although it was thought that magnesium was inactive on the nucleotide -
independent system (Baugh et al. , 1959), the addition of reduced gluta-
thione promoted the reaction. These results apparently show that the 
oxidation-reduction potential of the extract affects the fixation. The 
present study indicates that Mn++~ Mg++~ Co++ can fulfill the require-
ment of carboxylating enzyme systems. 
The effect of reduced glutathione is significant when magnesium is 
used. 
Since an addition of inosine diphosphate stimulated the rate of reaction, 
the effect of other nucleotides was determined. Since the nucleotide -
dependent system is reversible, experiments were devised in two ways. 
One system contained phosphoenolpyruvate and a nucleoside diphosphate, 
and the other contained oxalacetate and a nucleoside triphosphate. In 
both cases inosine and guanosine polyphosphates, especially the latter, 
were found to be most active. According to Kurahashi et al. (1957) the 
oxalacetic carboxylase reaction is specific for these two compounds, 
with the latter more active. The stimulation of fixation by the other 
nucleotides is due to contamination of these compounds in commercial 
products and to the presence of nucleoside diphosphokinase in the prepa-
ration. On the other hand McManus (1951), with lysed suspensions and 
cell-free extracts of Micrococcus lysodeikticus, could not demonstrate 
a significant effect of nucleotide, ATP, on the oxalacetic carboxylase 
reaction. More recently Cannata and Stoppani (1959) reported an enzyme 
of bakers' yeast which is similar to oxalacetic carboxylase except its 
nucleotide specificity. This enzyme reaction is only specific for adeno-
sine polyphosphate. 
In the case of the extract of Mycobacterium phlei the rate of stimula-
tion of other nucleotides varied with the metal ion present and with the 
extract. The inconsistency is thought to be due to inconsistencies of a 
Raytheon sonic oscillator and of dialysis. Protein contents of extracts 
varied from sample to sample. Although several attempts have been 
made to demonstrate nucleoside diphosphokinase in the extract, conclu-
sive evidence has not been obtained. 
The optimal concentration of inosine diphosphate was determined. 
The rate of fixation was maximum when the concentration of the nucleo-
tide and that of the substrate, phosphoenolpyruvate,were equimolar. 
The optimal pH for anucleotide-independent system was found to be 
between pH 7.0 and 7. 5. The optimal pH for the nucleotide-dependent 
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system was pH 7 in.the presence of both manganese and magnesium. The 
rate of decomposition of oxalacetate will vary with added compounds. 
Oxalacetate should be separated from any other component until the re-
action is started. In this respect it is desirable to use a Warburg flask 
with more than two side arms. The rate of fixation is higher in tris 
buffer than any other buffer used. 
In results not shown the optimal concentration of added Mn++ ions 
under the experimental conditions was about 6 µmoles. According to 
Bandurski (1955 one mole of magnesium ions is required for maximal 
activity. Higher concentrations of the ion may cause inhibition. 
The reactions were carried out under an atmosphere of nitrogen. The 
main reason for this condition is to inhibit the operation of the Krebs' 
citric acid cycle which might occur after oxalacetate is formed. With 
well-dialyzed extracts containing no endogenous fixation, however, the 
rate of fixation did not change even when the reaction was carried out 
under an atmosphere of air. 
SUMMARY 
An extract of Mycobacterium phlei possesses at least two carboxylat-
ing systems which catalyze the reaction between phosphoenolpyruvate 
and carbon dioxide. One is a nucleotide-independent system similar to 
phosphoenolpyruvic carboxylase and is irreversible. The other system 
is anucleotide-dependent system similar to oxalacetic carboxylase and 
is reversible. 
For both reactions a divalent metal ion is required. Magnesium, 
manganese or cobalt ions fulfill the requirement. 
The rate of fixation of carbon dioxide by a nucleotide-dependent sys• 
tem is greater with guano sine and inosine polyphosphate, especially the 
former. The optimal concentration of a nucleotide is found to be equi-
molar with the substrate, phosphoenolpyruvate. The effect of other 
nucleotides such as adenosine, cytidine, and uridine polyphosphates, 
varies with the divalent ion present and with the preparation. 
The effect of reduced glutathione is significant when magnesium ions 
are used. The optimal concentration of added glutathione varies with 
freshness of the extract and with storage . 
The optimal pH for the nucleotide-independent system is pH 7 to 7.5 
in tris buffer. The optimal pH for the nucleotide-dependent system is 
pH 7. 0 in tris buffer in the presence of manganese ion and pH 7.0 to ?.5 
in the presence of magnesium. The rate of each reaction is greater in 
tris buffer than any other buffer used. 
The optimal conditions for these fixation systems were investigated. 
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EVIDENCE FORA TRICARBOXYLIC ACID CYCLE 
IN BREVIBACTERIUM LEUCINOPHAGUMl
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ABSTRACT 
Evidence for the presence and operation of a tricarboxylic acid cycle 
in Brevibacterium leucinophagum is presented. This consists of (a) 
growth in the presence of TCA cycle compounds and close relatives as 
sole sources of carbon; (b) stimulation of oxygen uptake by whole cells 
by TCA cycle compounds; (c) sensitivity to known inhibitors of TCA cycle 
reactions; and (d) conversion and accumulation of compounds known to be 
intermediates of the TCA cycle. 
The functions of the tricarboxylic acid cycle are twofold: to provide 
energy to drive synthetic reactions by the oxidation of intermediates of 
carbohydrate dissimilation, and to furnish a supply of intermediates for 
the synthesis of other compounds (1). 
Moses (2) has stated that the only valid evidence for the operation of 
a TCA cycle is the measurement of flow rates and recycling of compounds 
through the use of labelled substrates according to the method of Roberts 
et al. (3). Suggestive evidence for the presence of the TCA cycle has 
been obtained by many other workers, however, by four general methods: 
(a) growth in the presence of TCA cycle compounds and close relatives 
as the sole C source; (b) stimulation of oxidative activity by TCA cycle 
intermediates; (c) sensitivity to compounds known to inhibit TCA cycle 
reactions; and (d) chemical conversion and accumulation of compounds 
known to be intermediates of the TCA cycle. 
Kinney and Werkman (4) have identified a number of amino acids 
formed during the degradation of leucine by Brevibacterium leucino-
phagum (5). Among these were aspartic and glutamic acids, threonine 
and isoleucine. They suggested these might be formed from leucine-
derived C Z or C3 fragments metabolized via the TCA cycle. There is 
ample evidence that the members of the "aspartic-glutamic families" of 
amino acids are synthesized in this way by other organisms (6, 7). 
~ Supported in part by funds of the U. S. Public Health Service, Depart-
ment of Health, Education and Welfare. 
z Present address: The Squibb Institute for Medical Research, New 
Brunswick, New Jersey. 
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This paper provides evidence for the existence and functioning of a 
TCA cycle in B_. leucinophagum, and thus accounts for the synthesis of 
these amino acids from CZ or C3 intermediates. The occurrence of a 
TCA cycle has not been reported previously in this genus. 
MATERIALS AND METHODS 
The test organism was grown and the cells were harvested as de-
scribed elsewhere (4). Acetone-dried cells were prepared according to 
standard techniques. 
All chemical compounds used were of reagent grade purity, and were 
obtained from commercial sources with the exception of fluoroacetate. 
Sodium fluoroacetate (99% pure) was obtained from the University of 
Chicago Toxicity Laboratory, 927 East 57th Street, Chicago 37, Illinois. 
Growth curves were determined by measurement of the transmittance 
at 525 mµ in a "Spectronic 20" colorimeter. 
Conventional manometric techniques were used. 
Compounds in reaction mixtures of inhibitor experimentswere identi-
fied chromatographically as previously described (4). 
RESULTS 
Previous experiments had shown that B. leucinophagum grows readily 
in Koser's medium (citrate as sole C source, NH4+ as sole N source). 
Tables I and II show, furthermore, that rapid, abundant growth resulted 
when known intermediates of the TCA cycle served~as sole C source in 
the presence of NH4+, or when amino acids closely related to TCA cycle 
compounds served as sole C and N sources. 
Table III shows that the oxygen uptake by whole cell suspensions is 
stimulated by acetate and other members of the TCA cycle (a-ketogluta-
rate, malate, citrate, fumarate and succinate). 
Reduced oxygen uptake due to the competitive inhibition of succinic 
dehydrogenase by malonate could not be shown with whole cell suspen-
sions in the presence of succinate or other TCA cycle compounds. On 
the contrary, slight increases in oxygen uptake due to malonate were 
noted after lag periods of 40-50 minutes. Moses (8) and other workers 
have suggested that this ineffectiveness of malonate with whole cells 
might be due to permeability effects since it can sometimes be overcome 
by altering the pH of the test system or by the use of esters of malonic 
acid (9). No differences were noted in experiments with B_. leucinophagum
at various pH values over the range pH 7-9 in tris buffers or over the 
range pH 6-8 in phosphate buffers. Whole cells were completely inactive 
on a variety of substrates over the range pH 4-5 in phthalate buffers. 
Acetone-dried cells showed no oxidative activity on malonate, how-
ever, and Table IV shows that oxygen uptake on acetate, succinate, 
fumarate and malate in this system was strongly inhibited by malonate. 
The competitive nature of this inhibition is demonstrated by its reversal 
by increasing concentrations of the substrate in the fumarate-malonate 
system, as shown in Table V. 
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Table I. Growth of B. leucinophagum on TCA cycle intermediates as 
sole carbon source . 
Age  O.D. at 525 mµ 
hr s . AC SU C AKG MAL 
0 0.02 0.03 0.02 0.02 
4 0.04 0.03 0.04 0.04 
8 0.09 0.10 0.11 0.04 
12 0.17 0.28 0.04 
16 0. 2 7 0.44 - -
20 0.45 -- 0.09 
24 0.68 0.27 0.12 
28 0.82 0.35 0.82 0:18 
32 0.95 0.45 0.87 0.22 ~. 
36 0.52 0.90 0.28 
Growth medium contained salts, 0. 1% NH4H2PO4, and 0..3% TCA cycle 
intermediates at pH 7.0. Inoculated with one drop washed 24 hr. cells. 
Incubated at 30° C . 
AC =acetate; SUC = succinate; AKG = a-ketoglutarate; MAL = malate. 
Table II. Growth of B. leucinophagum on amino acids closely related to 
TCA cycle intermediates. 
Age 
hrs. 
O.D. at 525 mµ 
G LU ASP ALA 
0 0.03 0.02 0.02 
4 0.06 0.10 0.06 
8 0.19 0.24 0.15 
12 0.35 0.45 0.22 
16 0.55 0.63 0.30 
20 0.62 0.72 0.41 
24 0.70 0.82 0.4 8 
28 0.80 0.89 0.53 
32 ~ 0.89 0.94 0.57 
36 0.92 0.97 0.63 
Growth medium contained salts, 0. 3% of the amino acid indicated at 
pH 7. 0. Inoculated with one drop washed 24 hr. cells. Incubated at 
30°C. 
GLU = glutamate; ASP = aspartate; ALA = alanine. 
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Table III. Oxygen uptake by whole cells of B. leucinophagum on TCA 
cycle compounds . 
Substrate µl. OZ uptake~hr. 
Malate 230 





Each flask contained 100 µM tris, pH 7. 0; 5µM substrate; and 150 mg 
wet cells in a total volume of 2.0 ml. Center well contained 0. 1 ml 
20% KOH and a fluted filter paper. Shaken under air at 30°C. Data 
corrected for endogenous respiration (34 µl. OZ~hr.). 
Table IV. Effect of malonate on oxidation of TCA cycle compounds by 
acetone powders of B, leucinophagum.
µl . 0 2~hr . % 
Substrate w~o malonate w~malonate Inhibition 
Acetate 378 108 71 .4 
Succinate 200 11 94. 5 
Fumarate 259 37 85. 7 
Malate 232 5 97.8 
Malonate 4 
Each flask contained 100 µM tris, pH 7. 0; 10 µM substrate; 0. 3 ml 
acetone powder suspension -(equivalent to 500 mg wet cells) in a total 
volume of 2. 0 ml. Center well contained alkali and a fluted filter 
paper. Shaken under air at 30°C. Data corrected for endogenous 
respiration (35-49 µl. OZ~hr. ). 
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Table V. Reversal of malonate inhibition of fumarate oxidation by 
acetone powders of B. leucinophagum.
Fumarate Malonate µ1.0 t % 
µM µM uptake per 60 min. Inhibition 
2. 0 25 7 (control) 
2.0 2.0 49 81.0 
10.0 2.0 115 55.3 
20.0 2.0 192 25.3 
30.0 2.0 219 14.8 
40.0 2.0 227 11.7 
Each flask contained 100 µM tris, pH 7. 0; concentrations of substrates 
shown; and 0.4 ml acetone powder suspension (equivalent to 700 mg wet 
cells) in a total volume of 2.0 ml. Center well contained a fluted filter 
paper + 0.1 ml 20%KOH. Shaken under air at 30'C. Data corrected 
for endogenous respiration. 
Table VI. Effect of chloramphenicol on malonate oxidation by normal 
and malonate-grown cells of B, leucinophagum.
Variable 
% 
µ l . Ot~h r . Inhibition 
Normal cells +malonate 
Normal cells +malonate +CMP 
Malonate-grown cells +malonate 







Each flask contained 100 µM trig, pH 7. 0; 10 µM malonate; and 
chloramphenicol (200 µg ~ml) where indicated. Total volume = 2.0 ml; 
gas phase =air; temperature = 30°C. Data corrected for endogenous 
respiration (normal cells = 54 µl. Ot~hr. ; malonate-grown cells = 
39 µl. Ot~hr. ). 
CMP = chloramphenicol.. 
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Table VII. Effect of arsenite on oxidation of TCA intermediates by 
acetone powders of B, Leucinophagum.


















Each flask contained 100 µM tris, pH 7. 0; 10 µM substrate; 10 µM 
arsenite where indicated; and 0. 3 ml acetone powder suspension 
(equivalent to 500 mg wet cells) in a total volume of 2.0 ml. Center 
well contained a filter paper + 0. 1 ml 20% KOH. Shaken under air 
at 30°C. Data corrected for endogenous respiration (38 µl. Oz~hr. ). 
Table VIII. Effect of fluoroacetate on rate of acetate oxidation by 
acetone powders of B. leucinophagum.
Elapsed time 
(minutes) 
µl. OZ uptake~l5 minutes 
AC FAC AC (+ FAC) 
15 156 29 160 
30 137 13 128' 
45 97 9 54 
60 78 4 8 
FAC added after 30 min. 
Each flask contained 100 µM tris, pH 7.0; 10 µM acetate and~or 10 µM 
fluoroacetate where indicated; 0. 3 ml acetone powder suspension 
(equivalent to 500 mg wet cells) in a total volume of 2.0 ml. Center 
well contained a fluted filter paper and 0. 1 ml 20% KOH. Shaken under 
air at 30 °C. Date corrected for endogenous respiration (38 µl. OZ~hr.). 
AC = acetate; FAC = fluoroacetate. 
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The oxidation of malonate by whole cells of B . leucinophagum was 
inhibited by chloramphenicol at a concentration of Z00 µg~ml (Table VI). 
"Normal cells, " i. e, cells not previously exposed to malonate, are in-
hibited more than three times as much as cells grown in the presence of 
malonate . 
Arsenite is known to inhibit the TCA cycle at the point at which a-
ketoglutarate is oxidatively decarboxylated to form succinyl-CoA. Table 
VII shows that oxygen uptake by acetone powders of B . leucinophagum 
in the presence of acetate, succinate and malate was also inhibited by 
arsenite. 
Another inhibitor of the TCA cycle is fluoroacetate. This compound 
replaces acetate in the condensation with oxalacetate, to form fluoro-
citrate, which cannot be metabolized by aconitase (10). When fluoro-
acetate was added to a suspension of acetone-dried cells oxidizing ace-
tate, a rapid decrease in the rate of oxidation was noted (Table VIII). 
Fluoroacetate itself is not significantly oxidized by acetone -dried cells 
of B_ . leucinophagum.
Further evidence for the occurrence of reactions characteristic of the 
TCA cycle is afforded by chromatographic analyses of reaction mixtures 
containing the above TCA cycle inhibitors. Large amounts of succinic 
acid were found to accumulate in the presence of malonate and malate, 
fumarate or acetate. When arsenite was included in mixtures containing 
malate, succinate or acetate, a carbonyl compound accumulated which, 
when separated as the 2, 4-DNP derivative, possessed the same RF' as 
the derivative of authentic a~lcetoglutarate. 
DISCUSSION 
The observations reported here, such as the rapid and abundant growth 
of cells on TCA cycle compounds and related compounds with a minimal 
lag phase from inocula grown on L-leucine as sole C and N source, the 
rapid oxidation of TCA cycle intermediates by whole cells, together with 
the fact that B . leucinophagum is obligately aerobic (5), furnish good 
suggestive evidence for the presence and function of a TCA cycle when 
B . leucinophagum is growing in the presence of L-leucine. The forma-
tion of amino acids of the aspartic-glutamic families from TCA cycle 
intermediates, previously suggested, would thus be in conformity with 
reactions known to occur in other organisms (6, 7). 
The fact that malonate oxidation by whole cells takes place only after 
a lag period of some 40 minutes, and that this oxidation by cells not 
previously exposed to malonate is strongly inhibited by concentrations of 
chloramphenicol known to inhibit protein synthesis, suggests an adaptive 
process. This could involve adaptive synthesis of either a "malonate-
oxidizing" enzyme system or a "malonate permease" (11). This hypoth-
esis of adaptation is supported by the observation that malonate-grown 
("adapted"?) cells are less sensitive to the action of chloramphenicol. 
B. leucinophagum has previously been shown (unpublished observations) 
to contain high concentrations of free intracellular amino acids, even 
when "starved" by incubation in L-leucine solutions to reduce endogenous 
concentrations of other growth medium amino acids. 
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It is also of interest that B. leucinophagum is one of the few bacterial 
species able to metabolize malonic acid, a compound ordinarily consid-
ered ametabolic inhibitor. 
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MARTIN, CHARLES WAYNE 
Influence of depth and shape of 
charge on crater formation in 






MC CONNELL, KENNETH GEORGE 
Bomb penetration into glacial till. 
Theoretical and Applied Mechanics 
MC NE LEY, JOHN LOUTS 
Principal ideal domains. 
Mathematic s 
MC ROBERTS, KEITH L. 
Factory costs of egg grading and 
cartoning: the semi-automatic 
plant. Industrial Engineering 
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MEEK, ALEXANDER MILLAR 
Survivorship and age distribution 
in dairy cattle. 
Animal Husbandry 
MERTES, FRANK PETER, JR. 
Characteristics of a subcritical 
assembly evaluated by neutron 
waves. Nuclear Engineering; 
MIYAHARA, ALLEN YASUKI 
Myopathy produced by the pheno-
thiazine-derived tranquilizers. 
Veterinary Pathology 
MONORITI, ELIDIO JOSEPH 
Stabilization of soils with a 
quarternary ammonium chloride 
and lignin. Civil Engineering 
MORRIS, THOMAS JOHN, JR. 
Logical design of a three-state 
adder stage. Electrical 
Engineering 
da MOTA, FERNANDO SILVEIRA 
Optimum sowing time for black 
beans in southern Rio Grande do 
Sul, Brazil. Agronomy
MUCK, ALYCE ANN 
Factors relating to power absorp-
tion by certain loads in electronic 
ranges. Household Equipment 
MULFORD, CHARLES LEE 
Relation between community 
variables and local industrial 
development corporations. 
Economics and Sociology 
MURPHY, MINERVA OWENS 
Carcass grade, degree of marb-
ling, chemical composition, cook-
ing yield and eating quality of pork 
chops. Food and Nutrition 
MUTH, WAYNE ALLEN 
Comparison of methods for com-
puting liquid-propellant rocket 
thrust. Mechanical Engineering 
NAKAMURA, LAWRENCE KAORU 
Factors affecting population den-
sities of yeasts and lactobacilli in 
pure and dual culture. 
Bacteriology
NELSON, ROBERT ARTHUR 
Some thermodynamic properties 
of aqueous solutions of terbium. 
Chemistry 
NETUSIL, ANTON JOSEF, JR. 
High school preparation in algebra 
and achievement on mathematic s 
placement tests. Vocational
Education 
NIGRO, NICHOLAS JOHN 
Prestressed concrete I beam with 
some cables unbonded at their ends. 
Civil Engineering 
NOACK, THOMAS LUTHER 
Electromagnetic analogues for 
Schroedinger wave equation. 
Electrical Engineering 
OGAWA, IKUE ARIKAWA 
Stereochemistry and reactivity of 
some 7-isopropylidene norborneols 
Chemistry
OLSEN, RODNEY LOUIS 
Determination of calcium in 
lithium compounds. Chemistry 
PELOQUIN, JOHN JAMES 
Photometric titration of thorium. 
Chemistry
PENN, DONALD GEORGE 
Comparative analysis of a high 
school physics textbook being 
writting by the 1958 National 
Physical Science Study Committee. 
General Science 
PETERSEN, HELEN NADINE 
Normal histology and cytochemis-
try of the digestive tract of Tri-
bolium confusum. Zoology and 
Entomology 
POST, ROBERT ELGIN 
A variable-frequency parametric 
oscillator. Electrical Engineering 
PRUETT, EMERSON WAYNE 
Control of herbaceous vegetation 
in forest plantings. Forestry 
RANDOLPH, ALAN DEAN 
Effect of vapor properties on 
liquid entrainment in a bubble 
cap-column. Chemical Engineer-
~i
REED, ROBERT DEAN 
Functional design of a threshing-
chopping cylinder. 
Agricultural Engineering 
REICH, BRIAN MC'i{ENZIE 
Probable maximum precipitation 
for short durations in the Union of 
South Africa. Agricultural 
Engineering 
REMUS, MELVYN DOUGLAS 
Strengths of soil-lime mixtures at 
standard and modified A. A.. S. H. O. 
densities. Civil Engineering 
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REXER, JOACHIM 
Effect of carbon in the thorium-
thorium dihydride system. 
Metallurgy 
ROBINSIN, ALBERT JOHN, JR. 
Factor analysis of predictors and 
criteria for selection of produc-
tion foremen. Psychology 
RODDY, JAMES WILLIAM 
Preparation of high purity vana-
dium oxides and chlorides. 
Chemistry
ROISEN, MAYNARD WILLIAM 
Simulation of the UTR-i0 control 
system on an analog computer. 
Nuclear Engineering 
ROLAND, IRENE ANITA 
Test for determining the under-
standing of causal factors of 
behavior by eleventh- and twelfth-
grade pupils. Home Economics 
Education 
ROLEY, GEORGE 
Gaseous diffusion at moderate 
flow rates in circular conduits. 
Chemical Engineering 
ROUGH, JIMMIE LYNN 
Random neutron flux variations in 
a subcritical assembly. 
Nuclear Engineering 
ROUGHAN, PAUL EDWARD 
Preparation and properties of 
thulium di-iodide. Chemistry
ROWELL, CHARLES FREDERICK 
Electronic effects in the xanthate 
pyrolysis. Chemistry 
SAALFELD, FRED ERIC 
The mass spectrum of stannane. 
Chemistry
SATORIUS, JACK HENRY 
Needs and interests of out-of -
school young farmers in Garna-
villo and Colesburg, Iowa 
communities. Vocational 
Education 
SCHWARTZ, JAMES W. 
The National Intelligencer' s  Inter-
pretation of major sectional issues 
from 1850 to 1861. History, 
Government and Philosophy 
SELLERS, IRVIN LEROY 
Temperature and flow rate effects 
on the ion-exchange separation of 
erbium and thulium. Chemistry 
SHEPHERD, ELEANOR MURRAY 
Family relationships and occupa-
tional aspiration. 
Economics and Sociology 
SHONT Z, WILLIAM DAVID 
A factor analysis of biographical 
data on foremen. Psychology 
SHUMWAY, ROBERT HERMANN 
Techniques applicable in fitting 
contagious distributions. 
Statistic s 
SLUSHER, DAVID FRANCIS 
Morphology and some shale-
derived soils in southern Iowa. 
Agronomy 
SMAY, TERRY ALLEN 
Analysis of an analog reduction 
technique for sonic anemometer 
data. Electrical Engineering 
SMITH, ALLEN NORMAN 
Influence of number of categories 
and sorting procedure on Thur-
stone' s method of equal-appearing 
intervals. Psychology 
STACEY, HARRY GENE 
Determination of nitrogen in metals 
by isotope dilution. Chemistry 
STAUDINGER, WILBUR LEONARD 
Inhibitory and lethal effects of 
three seed treatment chemicals on 
Pythium debaryanum. Botany and 
Plant Pathology 
STEFFEN, SYLVESTER L. 
Effects of drying method on germ-
ination of corn. Botany and 
Plant Pathology 
STEINBERG, RUTH I. 
Effects of calcium pantothenate 
and cortisone acetate on protein-
depleted rats restricted in food 
intake. Food and Nutrition 
STEVENS, ROBERT LOUIS 
Petrology of the Gilmore City 
formation (Miss. ~, Iowa. Geology 
STEWART, BETTY KIRKE 
Characteristics of the aged in 
Linn County, Iowa. Statistics
STOCKDALE, HAROLD JAMES 
Economic importance of the 
chicken body louse, Menacanthus 
stramineus. Zoology and 
Entomology 
STONE, EDWIN HAROLD 
Status of Iowa industrial arts 
teachers. Vocational Education 
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STRAIN, JOHN HENRY 
Genotype -environmental interactions 
in caged layers. Poultry Husbandry 
STRODE, WILLARD 
Architectural engineering design 
procedures for thin shell structures. 
Architectural Engineering; 
SU THERLAND, WILLIAM HOWARD 
Integral transforms and the 
potential equation. Mathematic 
SWANSON, LLOYD ALLAN 
Histological study of the longissimus 
dorsi muscle of the bovine. 
Animal Husbandry 
TAIGANIDES, ELISEOS PAUL 
Low flow characteristics of streams 
in north central and western Iowa. 
Agricultural Engineering 
TAMASHUNAS, VICTOR M. 
Industrial engineering analysis of 
custom feed mill activities. 
Industrial Engineering 
THORPE, B LAINE FU LLMER 
Therephathalic acid and its relation 
to chlortetracycline concentration 
in milk and blood serum of swine. 
Animal Husbandry 
TIERNAN, PETER IGNATIUS 
Evaluation of weed control 
techniques on determinate and 
indeterminate tomatoes. 
Horticulture 
TROUT, BETTY LEA 
Criteria for democratic selection 
and training of chapter officers of 
Future Homemakers of America. 
Home Economics Education 
URBAN, SARA DEGROOT 
Adult influence on the creative 
drawings of preschool children 
Child Development 
URBAN, WILLARD E. , JR. 
Ultrasonic measurement of fat 




Induced charge separation in a 
thermally ionized gas. 
Nuclear Engineering 
VANDERHOFF, MARGIL FLOY 
Practices and beliefs of Iowa 
vocational homemaking teachers 
related to the Home Experience 
Program. 
Home Economics Education 
VINCENT, ROBERT DE WITT 
Variation in pozzolanic behavior 
of fly ashes. Civil Engineering 
YITOLS, VISVALDIS ALBERTS 
Very high frequency inpedence 
plotter. Electrical Engineering 
V OSS, REGIS DALE 
Fertility response equations for 
oats as affected by initial soil 
fertility. Agronomy
WALKUP, DAVID WILLIAM 
Groupoids with fields of operators. 
Mathematic s 
WALTON, JANICE CAROLYN 
Preschool children's performances 
with realistic and non-realistic 
puzzles. Child Development 
WATSON, JAMES FREDERICK 
Roles of niobium pentoxide, 
vanadium pentoxide and titanium 
dioxide in the grain growth and 
sintering of uranium dioxide. 
Ceramic Engineering 
WIGGERS, RALPH GARRETT 
Iron removal from natural and 
synthetic waters using diatomite 
filters. Civil Engineering 
WILDFEUER, MARVIN EMANUEL 
Synthetic routes to delta-
aminolevulinic acid. Chemistry
WILLIS, MAX STEVEN 
Compression permeability testing 
with calcium carbonate. 
Chemical Engineering 
WILSIE, MARCIA KAY 
Growth patterns and frustration 
responses of pre-school children. 
Child Development 
WIN, MAUNG KHIN 
Effect of air drying on nitrate 
production in some Iowa soils. 
Agronomy 
WOOD, CHARLES DONALD 
Flood predictions for Davids Creek, 
Iowa based on a Unit Graph. 
Civil Engineering 
~ECHMANN, ALBERT WILLIAM 
Torsion problems for anisotropic 
media. Mathematics 
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INDEX TO DOCTORAL DISSERTATIONS BY AUTHORS1
Degree Doctor of Philosophy 
1959-1960 
The theses are listed in alphabetical 
includes the name of the author, the 
ANDERSON, DENNIS ELMO 
Taxonomy and distribution of the 
genus Phalaris. 
Botany and Plant Pathology 
ANDERSON, JACK MORRELL 
Network rings and algebras. 
Mathematic s 
ANDERSON, MYRON ADOLPH 
Biological and electrometric 
evaluations of phorate (thimet) 
residues in treated plants. 
Zoology and Entomology 
BASSI, BACHITTER SINGH 
Hardening of asphalt in 
uncompacted bituminous mixes. 
Civil Engineering 
BEATTY, DURWOOD WILLIAM 
Effect of photoperiod and 
temperature on flowering of 
white clover (Irifolium  repens). 
Agronomy and Botany and 
Plant Pathology 
BERNSTEIN, BENJAMIN TOBIAS 
A calculation of the elastic 
constants of yttrium and the 
rare earth metals. Chemistry
B LASE, MELVIN GEORGE 
Soil erosion control in western 
Iowa: problems and progress. 
Economics and Sociology 
BORCHERS, GERTRUDE LE ANN 
Biotin requirements of the 
guinea pig. Food and Nutrition 
BOSTIAN, HARRY EDWARD 
Mechanism of extraction of rare 
earth nitrates by tributyl phos-
phate. Chemical Engineering 
BOYD, LANDIS LEE 
The rigidity of nailed timber 
1 ~, circulating copy 
University Library, Ames, Iowa. Abstracts of these theses are published 
in Dissertation Abstracts.  A microfilm or a photostat copy of a thesis may 
be purchased from Dissertation Microfilms, 31 3 N. First Ave. , Ann Arbor, 
Michigan. 
order by names of authors. Each listing 
title of the thesis, and the department. 
joints. Agricultural Engineerinp~ 
and Theoretical and Applied 
Mechanic s 
BRENNAN, GERALD LEE 
Intermediates in the decomposition 
of diborane-6. Chemistry
BRINKS, JAMES 
A genetic analysis of carcass and 
production traits in swine. 
Animal Husbandry 
B ROSEGHINI, ALBERT LE ROY 
Histochemistry of selected tissues 
from vitamin-deficient Tribolium 
confusum. Zoology and Entomology 
BROWN, HERBERT 
Colostrum-acquired immunity and 
active antibody production in baby 
pigs. Animal Husbandry 
BROWN, LYNN RANNEY 
Bloat and bloat prophylaxis and 
their relationship to certain 
properties of rumen ingesta and 
blood. Animal Husbandry 
BUCHENAU, GEORGE W. 
Etiology and epiphytology of 
Victoria blight of oats. 
Botany and Plant Pathology 
BURROWS, WILLIAM CHAPEL 
Mulch influence on soil tempera-
ture and corn growth. Agronomy 
CARTER, LARK P. 
Effectiveness of inorganic nitrogen 
as a replacement for legumes 
grown in association with forage 
grasses. Agronomy 
CHAMBERLAIN, CHARLES CALVIN 
Some effects of chronic and acute 
fluoride levels on metabolism and 
distribution of F18 in selected 
tissues of cattle. Animal Husbandry 
of each complete thesis is available in the Iowa State 
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CHANG, HUAN-YANG 
Relationship of soybean oil quality 
with completeness of extraction. 
Chemical Engineering 
COLLINS, PETER FAY 
The reaction of iron(II) with 
tripyridyl-s-triazine. Chemistry
COLLINS, WALTER MARSHALL 
Factors influencing the efficiency 
of strain comparisons in random 
sample testing of meat -type 
chickens. Poultry Husbandry 
COX, DAVID FRAME 
Genetic and environmental factors 
inf luencing gain and fatness in 
swine. Animal Husbandry and 
Genetics 
DEAN, LURA CECILy JR. 
Nonlinear hyperbolic partial 
differential equation with small 
parameter. Mathematics
DIEHL, JUSTIN WARD 
Some organometallic reactions 
with heterocyclic compounds. 
Chemistry
DORFF, MARTIN ROBERT 
Large and small sample properties 
of estimators for a linear 
functional relation. Statistics 
EDMOND, CLARENCE D. 
Factors affecting success of 
beginning farmers. 
Economics and Sociology 
ELDRIDGE, EBER WILLIAM 
Relation of occupational plans of 
Iowa farm boys to agricultural 
adjustment. Economics and 
Sociology 
ENGELSTAD, ORVIS PHILLIP 
Effect of surface soil thickness on 
corn yield on Marshall and 
Monona soils in Iowa. Agronomy
EUSTICE, ALBERT LAWRENCE 
Effect of hydrogen on some 
temperature -dependent mechanical 
properties of vanadium-niobium 
alloys. Metallurgy 
EVERSON, DALE OSCAR 
Heritability of growth in identical 
twin heifers. Animal Husbandry 
FENG, KUO KANG 
Di-calcium phosphate by direct 
acidulation of phosphate rock. 
Chemical Engineering 
FERGUSON, MARION LEE 
Photographic scanning and its 
application in the general 
physiology of motile cells. 
Zoology and Entomology 
FINK, ARLINGTON MICHAEL 
Almost periodic points in 
topological transformation 
semi-groups. Mathematics 
FRITSCHEN, LEO JOSEPH 
Transpiration and evapotrans-
piration of corn as related to 
meteorological factors. Agronomy 
FREMLING, CALVIN ROLLINS 
Biology and possible control of 
economically important Trichoptera 
and Ephemeroptera of the Upper 
Mississippi River. 
Zoology and Entomology 
FULLER, WAYNE ARTHUR 
A non -static model of the beef and 
pork economy. 
Economics and Sociology 
FULLERTON, RICHARD 
Stability constants of some M(I)-
and M(II)-1, 10-phenanthroline 
complexes. Chemistry
GAJ, BERNARD JOSEPH 
Reactions of triphenylsilyllithium 
with compounds containing group 
VB elements. Chemistry
GILBERT, DE WAYNE EVERETT 
The effect of light, moisture and 
inter -species competition upon the 
establishment of alfalfa, landino 
clover and birdsfoot trefoil. 
Agronomy
GOERING, ORVILLE 
Dependence of the solution of a 
goursat problem on the character-
istic data. Mathematics
GOLDEN, STANLEY ARTHUR 
Cross sections of the (yp) and 
(y, pn) reactions in argon-40. 
Chemistr~r and Physics 
GRAY, DONALD MAURICE 
Derivation of hydrographs for 
small watersheds from measur-
able physical characteristics. 
Agricultural Engineering and 
Civil Engineering 
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GREEN, ROBERT WOOD 
Electrical and magnetic proper-
ties of erbium single crystals. 
Physic s 
HAAS, TRICE WALTER 
Kinetics of the uncatalyzed, alka-
line decomposition of hydrogen 
perioxide. Chemistry
HALL, PETER MICHAEL 
Electrical resistivity of yttrium 
and dysprosium single crystals. 
Physics 
HALLAUER, ARNEL ROY 
Effects of some selected weather 
factors on the development and 
drying of corn grain. Agronomy 
HANAK, JOSEPH JOHN 
High temperature allotropy of the 
rare-earth elements. Chemistry 
HAY LES, WILLIAM JOSEPH 
The role of mercury in the cata-
lysis of the Bettendorf reaction. 
Chemistry
HILLER, MAYNARD ALLYN 
Some chemical and physical 
properties of scandium and the 
rare earths. Chemistry
HOFFMAN, RANDALLARNOLD, JR. 
Income and resource changes 
resulting from farm consolidation 
in southwest Iowa. 
Economics and Sociology 
HOTCHKISS, DONALD K. 
Effect of various dietaries on milk 
composition and efficiency of 
production of dairy cows. 
Animal Husbandry 
IKENBERRY, GILFORD JOHN, JR. 
Developmental vegetative morph-
ology of Avena sativa. Botany 
and Plant Pathology 
IVES, NORTON CONRAD 
Grain drying rates and zone depths 
at the steady state. Agricultural 
Engineering and Mechanical 
Engineering 
JAMES, DEAN B . 
Ion-exchange elution sequences 
with chelating eluants. Chemistry 
JOHNSON, HOWARD PAUL 
Hydraulic characteristics of single 
the lines. Agricultural Engineer-
~i - and Civil Engineering 
JOHNSON, KENNETH EUGENE 
Kinetics of alkylation and acylation 
of nickel dipivaloylmethide. 
Chemistry
JOHNSON, RICHARD HARMON 
Observations on the etiology, 
prophylaxis and therapy of pasture 
bloat. Animal Husbandry 
KATTI, SHRINIWAS KESHAV 
Some aspects of statistical infer-
ence for contagious distributions. 
Statistics 
KING, RICHARD PATRICK 
The effects of isovaleric, caproic, 
heptylic, and caprylic acids as 
dietary fat sources on the protein 
and energy metabolism of the rat. 
Animal Husbandry 
KINNEY, ROLAND WALTER 
The bacterial degradation of leu-
cine. Bacteriology
KIVEL, JOSEPH 
Gamma radiolysis of carbon-14 
labeled isobutane. Chemistry 
KLEHR, EDWIN HENRY 
Solubility of mercury in organic 
liquids. Chemistry
KRENZ, RONALD DEAN 
Farm size and costs in relation to 
farm machinery technology. 
Economics and Sociology 
KRULL, CHARLES FRED 
Genetic variability in oats following 
hybridization and radiation. 
Agronomy 
KUNZE, RAYMOND JOHN 
Soil-plant water and its movement 
as determined by heavy water 
analysis. Agronomy 
LA GRANGE, WILLIAM SOMERS 
Quality of manufacturing-grade 
bulk-tank mills. Dairy and Food 
Industrie s 
LANG, CHARLES EBERHARDT 
Recoil reactions of carbon-11 in 
organic compounds. Chemistry 
LAWRENCE, WALTER WILLIAM 
Kinetics of reactions involving 
bromate in fused salts. Chemistry
LEININGER, LESTER NORMAN 
Variability in successive back -
cross generations of oats. 
Agronomy
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LINDSTROM, FREDERICK JOHN 
Hydroxyazo dyes as metal ion 
indicators. Chemistry 
MAO, ROSE TUNG-PEI LIU 
Relation of protein utilization to 
nitrogenous components of blood 
and urine in women. Food and 
Nutrition 
MATHEWS, JEROLD CHASE 
Fixed point theorem fora contrac-
tion mapping in a regular develop-
able space. Mathematics 
MATSON, LYLE KAY 
Further studies in the elution of 
copper and neodymium from a 
cation-exchange resin with 
ammonia-ethylenediaminetetra-
acetic acid solutions. Chemistry 
MATTSON, ROY HENRY 
Operation of semiconductor junction 
diodes at very high frequencies. 
Electrical Engineering 
MC LEOD, HERBERT EUGENE 
Distorted-model theory in invest-
igations of tillage implement 
forces. Agricultural Engineering 
and Theoretical and Applied 
Mechanics 
MEASOWS, CLINTON ELWOOD 
Heritability of growth and feed 
utilization in dairy cattle as indi-
cated by identical twins. 
Animal Husbandry 
METZ, FLORENCE IRENE 
Electropolishing of metals. 
Chemistry
MEYER, FRED PAUL 
Life history of Marsipometra 
hastata and the biology of its host, 
Polyodon spathula. 
Zoology and Entomology 
MIKSCHE, JEROME PHILLIP 
Developmental vegetative morph-
ology of Glycine max. Botany and 
Plant Pathology 
MILK, RICHARD GEORGE 
Agrarian reform and economic 
progress in Latin America. 
Economics and Sociology 
MONSON, PAUL HERMAN 
Spermatophytes of the Des Moine s 
lobe in Iowa . Botany and Plant 
Patho 10 gy 
MOORS, WILLIAM MARSHALL 
Excitation mechanisms in photo-
reduction of ketones. Chemistry 
MYODA, TOSHIO 
The mechanism of carbon dioxide 
fixation by the acid-fast organism, 
(Mycobacterium Phlei~. 
Bacteriology 
NAKAYAMA, ROY MINORU 
Verticillium wilt and phytophthora 
blight of chile pepper. Botany and 
Plant Pathology 
NOLTE, SIDNEY DEAN 
Moduli of continuity of quasi -
smooth functions. Mathematics 
OLIVER, RICHARD THORNTON 
Cation-exchange behavior of di-, 
tri-, and tetravalent metal ions in 
ethylenediammonium salt solutions. 
Chemistry
ONATE, BURTON T. 
Development of multistage designs 
for statistical surveys in the 
Philippines . Statistic s 
PEASLEE, DOYLE EUGENE 
Behavior of phosphate rock in soils 
and its availability to plants. 
Agronomy 
PERSHAD, GURU DAYAL 
Cytological aberrations of Lilium 
microsporocytes after gamma 
irradiation at pachytene and dia-
kinesis. Botany and Plant 
Pathology and Genetics
POWELL, ALBERT EDGAR 
Soil temperature and moisture 
conditions under and around an 
existing animal shelter. 
Agricultural Engineering and 
Mechanical Engineering 
PRITCHARD, JOHN PAUL, JR. 
Nonlinear network analysis by 
iterated integrals. Electrical 
Engineering 
PURNELL, GLEN REX 
An alternative parity formula 
applied to dairy products. 
Economics and Sociology 
RATTERREE, WILBUR BARRETT 
Prediction of stress -strain relation-
ships in low-carbon steel. 
Theoretical and Applied Mechanics 
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RAY, ALDEN EARL 
A test for electron transfer in the 
intermetallis compound V4A123. 
Metallur •  y 
READ, ALVIN ASHLEY 
Electronic applications of magnetic 
films. Electrical Engineering 
READE, RICHARD FRANCIS 
Diffusion in silver chloride single: 
crystals: Ag+, C1 and Cd++. 
Chemistry . 
ROSS, ALAN 
On two problems in sampling 
theory: unbiased ratio estimators 
and variance estimates in opti-
mum sampling designs. Statistics 
RYGG, PAUL THEODORE 
The residue field of a local algebra. 
Mathematics . 
SANFORD, EDWARD RICHARD 
The two hall coefficients in pseudo-
nickel alloys. Physics 
SCHAUER, RALPH FLOYD 
Very low frequency characteristics 
of speech. Electrical Engineering 
SCHENK, GEORGE HARRY, JR. 
Quantitative acid-catalyzed 
acetylation. Chemistry 
SCHMULBACH, JAMES CARTER 
Factors affecting the harvest of 
fish in the Des Moines Riber, 
Boone County, Iowa. 
Zoology and Entomology 
SCHOENHERR, ROMAN UHRICH 
Prediction of equilibria for rare 
earth nitrate -nitric acid-tributyl 
phosphate systems. Chemical 
Engineering 
SCRUGGS, MARY MARGUERITE 
Criteria for determining effective-
ness of homemaking teachers. 
Home Economics Education 
SEIDEL, HARRIS FORREST 
Effect of preaeration on primary 
treatment of sewage. Civil 
Engineering 
SIMONSON, GERALD H. 
Genesis of alluvium-derived soils 
in the Willow River Valley, Iowa. 
Agronomy 
SNYDER, ROBERT LEON 
Yttrium-aluminum alloy studies. 
Metallurgy 
STANLEY, NETTIE CATS JOHNSON 
Effects of X-irradiation on adults 
and larvae of Hymenolepis nana 
(von Siebold, 1852) Blanchard, 
1892 (Cestoda: Cyclophyllidea). 
Zoology and Entomology 
SUELTER, CLARENCE HENRY 
Mechanism of oxidation of reduced 
pyridine nucleotide analogs by 
riboflavin. Chemistry 
SUNDARESAN, DEVADASON 
Variation in butterfat production 
in state-owned herds in Iowa. 
Animal Husbandry 
SWIGER, LOUIS ANDRE 
Optimum length of the feeding 
period for selection of beef cattle. 
Animal Husbandry 
TALB ERT, WILLARD LINDLEY, JR. 
Branching of transitions in some 
mirror nuclei. Physics
TEDFORD, JOHN RICHARD 
A statistical analysis of some of 
the admissible hypotheses under-
lying the demand for food products. 
Economics and Sociology 
TEMPLE, ROBERT SHELTON 
Hematological investigation of 
dwarf and normal beef cattle. 
Animal Husbandry 
VALLETTA, ROBERT M. 
Structures and phase equilibria of 
binary rare earth metal systems. 
Chemistry
VAN HORN, DAB;"iD ALAN 
Strength in shear of prestressed 
concrete I-beams. Civil 
Engineering 
VON KROSIGK, CARL MAX 
Genetic influences on the com-
position of cows' milk. 
Animal Husbandry 
WADELL, LYLE HARRY 
Biases in estimating repeatability 
of milk and butterfat production. 
Animal Husbandry 
WELSH, STANLEY CARSON 
Legumes of the North-central 
states: Galegeae. Botany and 
Plant Pathology 
110 DOCTORAL DIS5ERATATIONS, 1959-60 
WHITE, GORDON ALLEN 
Atypical ascorbic acid oxidase of 
Myrothecium  verrucaria. 
Botany and Plant Pathology 
WHITEMAN, CHARLES ELMER 
Histopathology of the adrenal 
cortex and adenohypophysisin 
cattle with mucosal disease. 
Veterinary Pathology 
WILLHAM, RICHARD LEWIS 
Genetic differences in litter size 
and average litter weight from a 
polyallel cross of seven breeds of 
swine . Animal Husbandry 
WOERNER, PAUL FRED 
Separation of metals as hydrides 
from liquid metal solutions. 
Metallurgy
YAMAMOTO, SACHIO 
Acid-base equilibria in fused 
alkali nitrates. Chemistry
YOUSSEFYEH, RAYMOND D. 
Base -catalyzed reactions of 1-
methyl-Z-naphthol and its deriva-
tive s . Chemistry
ZAWESKI, EDWARD FELIX 




Atkins, R.E. 25 Myoda, T. 73, 
Bates, D.S. 41 Nixon, P.R. 
Berlyn, G.P. 367 
Biggs, ~D. L. 425 Quinn, L.Y. 
Buck, G.J. 255 
Ridenhour, R. L. 
Carlson, B . C. 319 
Corbett, John D. 251 Schwab, G.O. 
Shaw, R.H. 59, 355, 
Edgar, Rachel 437 Small, L.F. 
Frey, K.J. 49 Taylor, J.S. 
Fritschen, L.J. 59 
von Winbush, S. 
Gardner, F.P. 311 
Gerber, Ruth 437 Welsh, S. L. 
Werkman, C.H. 41, 73, 89, 
Jones, K.R. 49 White, P.J. 
Wikner, Ivan 
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var. depressus 209, 
209, viscidus 
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236, 237, 239, 
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243, 245, 246, 




















var, glabriusculus 126, 235 
acaulis 152 
acerbus 177, 235 
adsurgens 173,174 
sensu 173, 235 
var. albiflorus 173, 235 
var. pauperculus 173, 235 
var. R robustior 173, 235 
agrestis 112, 120, 124, 127 
128, 129, 130, 131, 235 
236, 237, 240, 245, 246 
var,  polyspermus 129, 235 
albertinus 194, 235 
albiflorus 204, 235 
alpinus 120, 125, 130, 1 32 
153, 235, 237, 240 
241, 245, 248 
var, americanus 133, 235 






var, ceramicus 140, 235 
var. imperfectus 140, 235 
var, longifolius 140 
var, pictus 140, 235 
Astragalus (cont. ) 
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crassipes 143, 236 
cretaceus 155 
dasyglottis 128, 129, 236 
decumbens 236 
debilis sensu 236 
deflexus 196, 236 
distortus 121, 125, 145, 146 
148, 15 3, 243, 248 
drummondii 1 12, 121, 124, 147 
148, 149, 168, 248 
elatiocarpus 155, 156, 158, 236 
fendleri 149 
filifolius 140, 236 
flexuosus 112, 120, 125, 149 
150, 151, 154, 180, 236 
237, 243, 245, 246, 248 
var. elongatus 149, 236 
var, fendleri 149, 236 
var. sierrae-blancae 
149, 236 
foliolosus 140, 236 
forwoodii 126, 236 
frigidus sensu 1 33, 236 
frigidus var, americanus 
237 133, 
galegoides 167, 168, Z37 
gaspensis 209, 237 
giganteus 130, 237 
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~ilviflorus 112, 120, 123, 150 
152, 157, 163, 240 
244, 245, 246, 249 
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var, major 126, 237 
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glycyphyllos 237 
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gracilis 112, 120, 125, 150 
151, 15 2, 15 3, 154 
237, 238, 241, 243 
244, 246, 247, 248 
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237, 238, 239 
240, 241, 245, 246, 248 
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var. cretaceus 156, 237 
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var. . pedunculosus 155, 237 
var. reverchoni 155, 237 
mazama 194, 237 
melanocarpus 158, 238 
mexicanus 182, 183, 238 
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microphacos 154, 238 
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mortoni 136, 140, 
forma brevidens 138, 
forma rydbergii 138, 
multif to ru s 17 7, 
nebraskensis 155, 
neglectus 143, 
forma limonius 143, 
nigrescens 177, 
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plattensis 112, 1Z1, 124, 129 
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239, 246, 248, 249 
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237, 239, 248 
var. brevisetus 167, 239 
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s cobatinatulu s 2 39 
sericea 168, 244 
sericoleucus 1 Z0, 1 23, 1 34, 153 
168, 171, 172 















tegatarius 112, 120, 123, 174 
176, 180, 181, 237 
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var. viridis 176 
tenellus 112, 120, 125, 150 
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209, 240 
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240 
240 
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184, 240 
1 88, 240 
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frutescens 189, 240, 
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aboriginum var. macrantha 188, 
alpinum var. typica 1 88, 
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leucinophagum 89, 90, 91 
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Copper fluoride, study of 




92, 93, 94, 
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Bullhead Cracca 220, 241 
Black 18 holosericea 220, 241 
Yellow 19 leucosericea 220, 241 
virginiana 220, 241 
caragana 111, 114, 116 
122, 1 84 
185, 186 
240, 247 
1 84, 240 
186, 240 
190, 240 
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11 7, 11 8, 
arborescens 184, 
187, 188, 
var, typica pectinatus 160, 
arenaria Cytospora 118, 
argentea elatiocarpa 155, 
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1 87, 240 
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Geoprumnon 118, 1 20, 242 
crassicarpum  143, 242 
mexicanus sensu 182, 242 
Pachycarpus 164,242 
Plattense 164, 242 
succulentum 144, 242 
tennesseensis  1 79, 242 
trichocalyx 1 82, 242 
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Glottidium 21 9 
Glycyrrhiza 111, 117, 118, 189, 242 
~lutinosa 1 89, 242 
lepidota 138, 146, 187, 190 
195, 242, 243 





























































Halimodendron 111, 116, 117, 118 
122, 1 90, 242 
argenteum 190, 242 
var. R subvirescens 190, 242 
var. avulgare  190, 242 
emarginatum 190, 242 
halodendron 190, 191, 192, 240 
242, 243, 246 
forma purpureum 1 90, 243 
speciosum 190, 243 
subvirescens 190, 243 
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118, 120, 243 
112, 1 74, 176, 243 
174, 1 76, 243 
Legumes of the North-Central 
states 111 
Lepibema chrysops 23 
Lepomis 
gibbosus 1, 23 
macrochirus 1, 23 
Liquiritia 189, 243 
Iepidota 189, 243 
Lyngbya 347 
Masters r theses list 1959-60 97 
Melo sires 347 
Merismopedia 347 
Micrococcus 
flavus 426, 433 




gracilis 152, 243 
microlobus 152, 244 
parviflorus 154, 244 
Micropterus 
dolomieui 1 





carbon dioxide fixation by 73 
phlei 41, 74, 79, 86 
87, 463, 464, 470 
tuberculosis 88 
Navicu Ia 34 7 
Nocardia corallina 41 
Oats, heritable characters in 49 
Orobus 
dispar 177, 244 
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122, 192, 244 
albertina 194, 244 
a lbif 10 ra 204, 244 
angustata 200, 244 
aven-nelsonii 200, 244 
bushii 200, 244 
campestris 193, 194, 195, 196 
197, 206, 234, 235, 236 
237, 239: 244, 245, 247 
var, chartacea 196, 244 
var, dispar 194, 196, 244 
var, gracilis 196, 244 
var. viscida 209,244 
campestris (3 194 
cascadensis 194,244 
caudatu s 20 7, 244 
chartacea 194, 244 
condensata 204, 244 
deflexa 192, 193, 196, 197 
199, 234, 236, 244, 245 
var. culminis 198, 244 
var. (3 sericea 198, 244 










20 9, 244 
194, 244 
19 8, 244 
200, 244 
209, 210, 244 
112, 193, 196, 197 
198, 200, 201, 202, 206 
234, 237, 244, 245, 247 
lambertii (3 244 
lambertii ~ 198, 244 
lambertii
forma mixta 200, 244 
var. ochroleuca 204, 206, 244 
var, sericea 204, 244 
luteola 194, 244 
macounii 245 
mazama 245 
minor 202, 245 
mollis 209, 245 
monticola 1 94, 245 
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multiceps 112, 193, 
203, 204, 235, 245, 
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sericea  112, 193, 
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Phaca (cont. ) 
194, 202 cretacea 155, 156, 245 
246, 247 debilis 148 
202, 245 elatiocarpa 155, 245 
194, 245 elongata 145, Z45 
194, 245 fendleri 149, 246 
207, 245 flexuosa 149, 246 
204, 245 frigida 133 
19 8, 245 var. americana 133, 246 
19 8, 245 ~labriuscula 125, 246 
19 8, 245 gracilis 152, 246 
20 7, 245 hypoglottis sensu 128, 246 
204, 245 longifolia 140, 246 
194, 196 lotif Lora 246 
206, 207 mollissima 166, 246 
245, 247 neglecta 142, 143, 246 
207, 208 forma limonius 143, 246 
235, 239 nigrescens 177 
245, 247 parvifolia 246 
207, 245 pectinata 160, 164, 246 
207, 245 pieta 140, 142, 246 
207, 245 plattensis 164, 246 
207, 245 purshii 166, 246 
204, 245 reverchoni 155, 246 
204, 245 sericea 168, 246 
194, 245 simplicifolia 173 
2 0 3, 209 triphylla 150, 246 
237, 240 villosa 160, 246 
245, 24? viridis 176, 246 
209, 245 Physocalyx 246 
multiceps 202, 246 
Physondra 118, 246 
347 dispar 1 77, 246 
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1, 23 Phytocoris, new species of 473 
22 albidopictus 473, 476 
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michauxii 211, 247 
montana 211, 217, 247 
neomexicana 203, 210, 211 
21 3, 214, 215, 247 
var, luxurians 213, 247 
pseudoacacia 210, 211, 215, 216 
21 7, 21 8, 246, 247 
rosea 211,247 
rusbyi 213, 247 
subvelutina 21 3, 247 
unakae 211,247 












chinen sis 255 
eglanteria 258 
gigantea 255 
laxa 255, 256, 257, 258, 259 
spino si s sima 25 6 
Rose breeding, hardiness in 255 
Saccharomyces cereviseae 43, 433 
Salvelinus namaycush 23 
Scenedesmus 347 
Scirpus validus 2 
Sesban 219, 247 
exaltatus 219, 247 
Sesbania 111, 114, 117, 118, 217, 247 
exaltata 191, 1 87, 219, 242, 247 
macro carpa 219, 247 
Solar radiation in Iowa 355 
Sorghum vulgare 312 
Spherical charge distributions 319 
Spiesia 192, 247 
lambertii 198, 247 
var, sericea 204, 247 
494 
Spie sia (cont. 
SUBJECT INDEX 
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